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abstract 


The  F-101A  is  potentially  a good  multi-purpose  fighter. 
It  is  unacceptable  for  service  use  at  the  present  time  because 
of  comparatively  poor  high  altitude  performance,  restricted 
maneuverability  iue  to  engine  compressor  stalls  under  accel- 
erated flight  maneuvers,  and  lateral  control  sensitivity.  The 
rate  of  climb,  level  flight  speed  and  ability  to  accelerate  in 
level  flight  are  good  but  the  49,200-foot  service  ceiling  is  poor 
in  comparison  with  USAF  fighter  aircraft  in  operational  use. 
The  range  capabilities  with  the  present  bleed  valve  schedule 
are  15%  less  than  predicted  values. 
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NTROD^ction 


This  report  presents 
the  results  of  the  Phase  II 
Flight  Test  conducted 
on  the  F-101A  aircraft, 

USAF  No  53-2419. 

The  purpose  of  this  test 
was  to  obtain  data 
on  the  performance, 
stability  and  control 
of  the  aircraft, 

and  to  secure  pilot’s  comments 
regarding  handling  characteristics. 
The  test  was  conducted 
under  the  authority  of 
Air  Research  and  Development 
Command  Test  Directive  No.  5389-F1 
dated  15  June  1954. 

The  flight  test  program, 

consisting  of  32  flights 

totaling  30:20  hours, 

was  conducted  at  the 

Air  Force  Flight  Test  Center, 

Edwards  Air  Force  Base,  California, 

between  28  April 

and  26  May  1955. 


lb  F-10IA  is  a swept  wing,  single-place  fighter  powered  by  two  Pratt  and 
Whitney  engines  equipped  with  short  afterburners.  These  engines  are  cur- 
rently designated  YJ57-P-13  and  are  rated  at  14,000  pounds  thrust  with  after- 
\ burners  in  operation.  The  interna!  fuel  capacity  of  the  aircraft  is  2,000  gallons. 

Armament  includes  four  fixed  forward-firing  M-39  20mm  guns  and  provision  for 
external  fuselage-mounted  stores.  Stabilator,  mid-span  ailerons,  and  rudder  are 
controlled  by  conventional  stick  and  pedals,  and  powered  by  two  independent, 
irreversible  hydraulic  control  systems  with  artificial  feel  systems. 
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Modifications  which  were  made  to  the  test  aircraft  prior  to  Phase  II  tests  as  a 
result  of  Air  Force  preliminary  evaluation  flights  during  Phase  I,  or  as  a result 
of  the  contractor's  experience  on  the  initial  airplane  are  as  follows: 


A revised  inlet  duct  configuration  was  installed  in 
aircraft  number  12  and  subsequent  aircraft  to  im- 
prove stall  characteristics. 

Pratt  and  Whitney,  "Gold  Plated,”  YJ57-P-13G 
modified  engines  with  an  increased  stall  margin 
were  installed. 

The  heat  and  vent  system  was  modified  to  provide 
improved  flow  stability  and  to  eliminate  the  objec- 
tionable amount  of  air  blowing  into  the  pilot’s  face. 

Canopy-windshield  latches  were  incorporated  to 
eliminate  the  deflection  of  the  canopy  relative  to 
the  windshield  at  higher  speeds. 


\ 


Performance  of  the  aircraft  was  evaluated  for  an 
engine  start  gross  weight  of  40,530  pounds.  This 
includes  a full  fuel  load  of  2,000  gallons.  Stability, 


control  and  handling  characteristics  were  evaluated 
for  the  normal  take-off  center-of-gravity  of  31.4% 
MAC.  The  center-of-gravity  moved  aft  approxi- 
mately 5.6%  MAC  from  the  take-off  position  a. 
internal  fuel  was  consumed.  Weight  and  balance 
for  all  flights  are  presented  in  Appendix  II.  Phase 
II  flight  limitations  placed  on  the  F-101A  airplane 
by  the  contractor  are  listed  on  page  203,  Appendix  II. 
These  limitations  were  placed  on  the  aircraft  until 
all  flight  operating  boundaries  of  the  aircraft  have 
been  investigated.  This  prevented  investigation  of 
inertia  coupling  characteristics  during  the  Phase 
II  test. 
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The  longitudinal  maneuvering  stick  forces  were 
reduced  appreciably,  particularly  in  the  supersonic 
Mach  number  range. 

Objectionable  speed  brake  buffet  was  reduced  by 
decreasing  the  full  deflection  brake  extension  to  50 
degrees. 


The  wheel  brake  pedal  deflection  was  reduced  for 
full  brake  application, 

The  yaw  damper  was  made  operative  to  improve 
the  hceral-directional  dynamic  stability  and  to  re- 
duce adverse  yaw  during  roll  maneuvers. 


The  intensity  of  cockpit  warning  lights  was  in- 
creased appreciably. 

Cockpit  lights  were  installed  to  indicate  take-off 
trim  position  of  the  longitudinal  and  directional 
control  surfaces. 

A lateral  stick  bob-weight  was  installed  to  elimi- 
nate the  lateral  control  system  instability  which  de- 
veloped following  stick  "raps”  at  approximately 
0.85  Mach  number. 

The  aft  fuselage  "heat  blanket”  was  changed  to 
eliminate  buckling  and  fatigue  deterioration  and 
to  provide  improved  protection  of  the  structure. 

Engine  oil  fumes  in  the  cockpit  were  eliminated  by 
changing  the  location  of  the  bleed  for  cabin  air 
supply.  Specific  evaluation  of  the  requested  im- 
provements are  made  in  the  applicable  section  of 
this  report. 


■ aSOCKpl*  evaluation  Enasn.c  to  the  cockpit  is  gained  by  use  of  the  lad- 
der that  hooks  over  the  edge  of  the  cockpit.  No 
kick  steps  or  hand  grips  are  provided  and  are  not 
considered  necessary  due  to  the  height  of  the  air- 
craft from  the  ground  to  the  bottom  line  of  the 
fuselage.  Visibility  from  the  cockpit  is  excellent 
except  that  it  is  difficult  to  see  the  aileron  positions 
when  trimming  for  take-off.  The  intensity  of  all 
warning  lights  in  the  cockpit  and  the  intensity 
control  are  adequate.  The  seat  and  rudder  adjust- 
ments and  seat  back  angle  are  satisfactory.  General- 
ly, the  cockpit  arrangement  is  considered  satisfac- 
tory. 


Left  side  console 
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Items  of  cockpit  arrangement  which  are 

considered  unsatisfactory  are  as  follows: 


1 The  side  consoles  are  located  below  the  pilot’s 
normal  reach  when  his  seat  is  adjusted  for  proper 
height.  The  consoles  are  so  low  that  lighting  is  in- 
adequate in  daylight  making  it  very  difficult  for  the 
pilot  to  identify  various  instruments  and  instrument 
controls  without  bending  his  head  down,  inside  the 
cockpit,  to  make  positive  identification.  The  con- 
soles should  be  raised  approximately  three  inches 
and  tilted  inward  an  additional  five  degrees.  This 
location  would  be  more  perpendicular  to  the  pilot's 
line  of  vision  and  would  enable  him  to  identify  the 
console  instruments  and  to  operate  the  console  con- 
trols easily. 

2 The  throttle  quadrant  is  still  completely  un- 
satisfactory. This  item  was  discussed  in  the  prelim- 
inary evaluation  of  the  aircraft.  The  only  modifica- 
tion accomplished  prior  to  Phase  II  was  closing 
the  distance  between  the  finger  lifts.  The  throttles 


are  much  too  large  and  cumbersome  for  the  average 
pilot.  The  use  of  the  finger  lifts  to  control  both 
afterburner  and  throttle  motion  requires  an  overly 
complex  manual  operation  that  could  lead  to  results 
other  than  those  desired.  It  is  impossible  to  operate 
the  throttles,  finger  lifts,  take-off  locks  and  nose 
wheel  steering  simultaneously. 

3  The  microphone  antennae  selector  switch,  lo- 
cated on  the  right  throttle,  seems  an  unnecessary 
complication  to  radio  operation.  The  position  of 
this  switch  selects  the  antenna  to  be  used,  upper  or 
lower,  and  thus  requires  the  pilot  to  know  the 
relative  position  of  the  desired  target  of  his  trans- 
mission. The  switch  is  spring  loaded  to  the  center 
(off)  position  and  is  difficult  to  operate.  A simple 
push-type  microphone  button  located  on  the  throt- 
tle would  be  much  more  desirable.  If  two  antennae 
are  required,  a separate  antennae  selector  switch 
located  elsewhere  would  be  desirable. 
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♦ The  spring  loaded  speed  brake  switch  is  lo- 
cated too  low  on  the  side  of  the  throttle.  Operation 
of  the  switch  requires  an  unnatural  thumb  motion 
and  the  switch  must  be  held  in  the  open  position 
until  the  brake  travel  has  been  completed.  This  is 
not  desirable. 

S The  speed  brake  "open"  warning  light  is 
difficult  to  see  because  of  its  location  on  the  center 
portion  of  the  left  side  console  just  aft  of  the  pilot. 
It  is  quite  possible  for  the  pilot,  when  using  speed 
brakes  during  formation  flying  or  "join-up,”  to 
inadvertently  leave  the  speed  brakes  partially 
cracked  without  noticing  the  light.  There  is  a small 
amount  of  airframe  buffet  in  certain  subsonic  speed 
ranges.  The  pilot  could  very  easily  attribute  the 
speed  brake  buffet  to  normal  airframe  buffet. 

® The  speed  brake  switch  and  microphone 
switches  are  identical  and  ate  located  very  close  to 
each  other.  On  numerous  occasions,  the  pilot  actu- 
ated the  speed  brake  switch  instead  of  the  micro- 
phone switch. 

7 There  is  no  minimum  afterburner  detent  or 
latch  to  prevent  the  pilot  from  inadvertently  com- 
ing out  of  afterburning  when  modulating  power 
in  formation. 

B Rudder  and  stabilator  trim  for  take-off  are 
indicated  by  individual  lights.  They  are  located  on 
the  vertical  panel  of  the  left  console  under  the  can- 
opy rail  a..d  are  difficult  to  see.  This  location  is  not 
desirable  but  is  acceptable.  The  rudder  trim  light 
will  illuminate  more  than  a three-degree  spread  of 
the  neutral  rudder  position,  therefore  when  the  light 
is  on  it  does  not  necessarily  mean  that  the  rudder  is 
trimmed  for  take-off.  There  is  no  aileron  trim  light 
installed.  Aileron  trim  for  take-off  has  to  be  done 
visually.  Once  the  pilot  is  strapped  into  the  cockpit 
it  is  very  difficult  to  see  the  ailerons.  A more  posi- 
tive aileron  trim  indication  is  needed  since  the  air- 
craft is  very  sensitive  laterally  after  take-off.  Pilot 
convenience  and  ease  of  operation  would  be  im- 
proved if  a single  light  incorporating  stabilator  and 
rudder  trim  as  well  as  aileron  trim  were  installed. 
When  appropriate  trim  is  being  actuated  this  single 
light  would  come  on  as  each  control  surface  passes 
through  the  take-off  trim  position.  If  practical,  a 
single  control  button,  which  would  place  all  trim 
in  take-off  position  when  depressed,  would  be  satis- 
factory. The  desired  system  is  presently  installed  in 
the  F-100  type  aircraft. 


® Hydraulic  power  is  supplied  by  two  complete- 
ly separate  systems,  the  primary  power  control  and 
utility  system.  This  '-'.insists  of  four  hydraulic 
pumps,  one  primary  and  one  utility  pump  operated 
from  the  left  engine;  and  one  primary  and  one 
utility  pump  operated  from  the  right  engine.  Cock- 
pit hydraulic  pressure  indication  consists  of  one 
utility  pressure  gage  and  one  primary  pressure  gage. 
With  the  present  installation  and  both  engines  op 
erating  it  is  possible  to  lose  one  utility  pump  and 
one  primary  pump  without  ihe  pilot  being  aware 
of  it.  It  is  felt  that  the  failure  of  a hydraulic  pump 
is  a critical  item.  A means  should  be  provided  to 
give  the  pilot  a positive  indication  that  all  hydrau- 
lic pumps  and  systems  are  operating  properly. 

10  The  landing  gear  warning  buzzer  is  too  loud. 
The  noise  level  of  the  buzzer  could  be  cut  down 
one-third  and  still  serve  its  intended  purpose. 

11  The  emergency  brake  control  is  located  on 
the  lower  right  portion  of  the  panel.  In  the  event 
conditions  should  arise  necessitating  its  use,  the  pi- 
lot would  be  required  to  release  the  control  stick 
with  his  right  hand  in  order  to  actuate  the  emer- 
gency brake  control  As  production  models  will  in- 
corporate nose  wheel  steering  on  the  control  stick, 
the  nose  wheel  steering,  normally  operated  by  the 
right  hand,  would  have  to  be  actuated  by  the  left 
hand  during  emergency  brake  operation.  To  avoid 
switching  hands  and  to  eliminate  an  accident  haz- 
ard, the  emergency  brake  control  should  be  relo- 
cated to  the  left  side  of  the  panel. 

12  The  throttle  friction  level  located  between 
the  throttles  is  awkwarn  and  difficult  to  operate. 

The  nose  wheel  steering  control  is  located  on 
the  left  throttle.  This  is  a very  undesirable  location 
and  the  control  is  very  awkward  to  operate. 

1«S  There  is  no  parachute  support  behind  the 
pilot  for  a back  parachute;  therefore  the  weight  of 
the  parachute  must  be  carried  by  the  pilot  during 
the  entire  flight. 

IS  The  needle  and  ball  instrument  is  frequently 
used  in  retrimming  the  aircraft,  but  it  is  off  center 
to  the  left  from  the  pilot’s  normal  line  of  sight.  A 
quick  reading  gives  an  erroneous  impression  of 
trim  conditions. 
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isiKSing  and 
ground  handling 


The  F-101A  is  difficult  to  taxi,  primarily  because  of 
very  high  rudder  forces.  An  estimated  force  of  200 
to  300  pounds  is  required  for  full  rudder  control 
deflection  and  to  obtain  the  specified  forty  degrees 
of  nose  wheel  steering.  It  is  felt  the  forty  degrees  of 
nose  wheel  steering  is  not  being  attained  in  the 
F-101.  Nose  wheel  steering  requires  too  much  rud- 
der control  deflection  to  obtain  the  desired  turning 
radius. 

The  poor  nose  gear  centering  characteristics 
also  contribute  to  the  taxiing  difficulty  experienced 
with  the  F-101A.  When  the  nose  wheel  steering 
system  is  engaged  by  the  pilot,  with  the  rudder  con- 
trols in  a neutral  position,  the  airc-'aft  tends  to  pull 
to  the  left,  requiring  constant  pumping  of  the  right 
rudder  in  order  to  taxi  in  a straight  line.  The  easiest 
way  to  counteract  the  pull  to  the  left  is  to  taxi  with 
the  left  engine. 

The  combination  of  high  rudder  forces,  turn- 
ing radius  and  poor  nose  gear  centering  encourages 
the  pilot  to  disregard  nose  wheel  steering  and  use 
wheel  brakes.  Excessive  use  of  the  brakes  promotes 
increased  brake  and  tire  wear.  An  average  of  only 
there  or  four  landings  per  tire  was  obtained  during 
the  Phase  II  flight  tests,  however  the  majority  of 
flights,  were  conducted  from  the  dry  lake  bed,  which 
required  excessive  taxiing. 

The  nose  wheel  steering  button  is  located  on 
the  left  throttle  quadrant.  Some  difficulty  is  exper- 
ienced in  holding  the  nose  wheel  steering  button  to 
"engage”  when  manipulating  the  throttle. 

While  taxiing  a very  loud  clanking  is  heard 
each  time  the  nose  wheel  passes  over  the  slightest 
rough  spot.  The  noise  is  due  to  the  vertical  or  side 
play  in  the  trunnion  mount  bearing  of  the  nose  gear 
drag  brace.  The  clanking  can  be  eliminated  by  in- 
stalling a shim  which  reduces  the  play. 

Wheel  braking  for  taxi  operation  is  adequate. 
The  angle  of  brake  pedal  rotation  on  maximum  de- 
flection has  been  improved  to  where  it  is  now  satis- 
factory. Although  braking  forces  are  greater  than 
those  required  on  the  F-100  type  aircraft  the  brakes 
are  considered  satisfactory. 

The  canopy  is  electrically  operated  with  the 
canopy  switch  located  on  the  left  side  of  the  cock- 
pit just  under  the  canopy  rail.  No  mechanical  locks 
are  provided.  The  system  is  so  arranged  that  when 


the  nose  gear  is  turned  to  either  side  or  retracted, 
the  canopy  switch  is  deactivated.  The  reason  for 
this  is  to  prevent  inadvertent  actuation  of  the  can- 
opy switch  during  flight.  This  reason  is  not  consid- 
ered valid  and  the  situation  is  very  unsatisfactory. 
The  pilot  has  no  means  of  getting  rid  of  the  canopy 
during  flight  or  a wheels-up  landing  other  than  by 
blowing  it  off.  If  this  fails,  then  the  pilot  is  forced 
to  eject  through  the  canopy.  The  pilot  could  be 
stunned  in  the  course  of  a wheels-up  landing,  and 
may,  in  the  attempt  to  eject  the  canopy,  inadvert- 
ently eject  himself. 


S take-off  and 
initial  cllmlb 

All  take-offs  were  made  with  wing  flaps  fully  ex- 
tended. There  is  no  intermediate  or  hold  position. 
Take-offs  were  accomplished  using  both  military 
and  maximum  power.  The  majority  of  take-offs, 
with  the  exception  of  afterburner  climbs  and  maxi- 
mum performance  take-offs,  were  made  with  mili- 
tary power  to  insure  a reasonably  closed  afterburner 
nozzle  at  altitude. 

The  wheel  brakes  can  be  locked  when  maxi- 
mum power  is  being  used;  however,  with  the  large 
amount  of  thrust  available  the  aircraft  will  skip 
along  the  runway,  resulting  in  unnecessary  damage 
to  the  tires.  The  technique  used  for  maximum  pow- 
er take-offs  was  to  lock  the  brakes  until  full  military 
power  was  set,  then  the  brakes  were  released  and 
the  afterburners  lit  individually  while  the  aircraft 
accelerated.  Although  rudder  control  becomes  effec- 
tive at  approximately  60  knots  IAS,  aircraft  response 
is  slow,  and  directional  control  should  be  main- 
tained by  use  of  nose  wheel  steering  up  to  approxi- 
mately 95  to  100  knots  IAS.  The  nose  wheel  lift-off 
speeds  were  between  135  and  140  knots  IAS,  the 
aircraft  becoming  airborne  at  150  to  155  knots  IAS. 
The  nose  gear  can  be  rotated  at  110  to  115  knots 
IAS  with  the  use  of  full  stabilator;  however,  the 
aircraft  acceleration  to  its  take-off  speed  of  150  to 
155  knots  IAS  is  slower  than  if  the  aircraft  is  al- 
lowed to  accelerate  to  135  to  140  knots  before  the 


nose  wheel  is  lifted  off.  After  take-off,  acceleration 
is  rapid  and  a relatively  steep  climb-angle  must  be 
assumed.  Gear  and  flap  retraction  must  be  initiated 
immediately  in  order  to  prevent  exceeding  the  max- 
imum gear-down  limit  speed  of  250  knots  and  the 
maximum  flap-down  speed  of  290  knots.  The  slight 
nose  up  trim  change  encountered  presents  no  prob- 
lem. The  forward  visibility  is  good  during  the 
transition  time  from  unstick  to  gear  and  flap  retrac- 


tion. Longitudinal  control  is  satisfactory  and  stick 
forces  are  light.  Directional  control  is  good  but  the 
rudder  forces  are  too  high.  The  lateral  control  is 
extremely  sensitive  resulting  in  a tendency  to  over- 
control.  The  problem  is  more  acute  when  turbulent 
air  and  gusty  winds  arc  encountered.  Lateral  con- 
trol during  take-off  and  initial  climb  is  unsatisfac- 
tory. The  aircraft  acceleration  to  best  climb  speed 
is  good. 


Two  photo-recorded  maximum  power  take-offs  were  made  from  a con- 
crete runway.  This  data  corrected  to  sen  level,  no  wind,  standard  NACA 
atmospheric  conditions.  Is  presented  in  the  following  tables 


Total 

Dist. 

Nose  Boom 
indicated 
Airspeed 

Std.  System 

Indicated 

Airspeed 

Power 

Or.  | 

Wt  - «h 

Ground  j 

Roll  - ft  I 

«o  50' 
ft 

NWO 

knots 

T.O. 

i 

| 50- 

NWO 

knots 

. to.  1 

50' 

Max. 

40,890 

2335 

4010 

138 

150 

184 

143 

152 

| 188.5 

Max. 

40,660 

2575 

4655 

104 

1 1485 

184 

111 

150 

| 189 

Cross  wind  take-offs  were  accomplished  in  gusty 
winds  up  to  35  knots.  Cross  wind  take-offs  are  very 
difficult  and  control  is  unsatisfactory  due  to  the 
poor  nose  wheel  steering,  high  rudder  forces  and 
lateral  control  sensitivity  after  becoming  airborne. 
Normal  procedure  to  correct  for  cross  winds  during 
the  ground  roll  is  to  use  nose  wheel  steering.  In  the 
absence  of  adequate  nose  wheel  steering,  directional 
control  can  be  maintained  by  brakes;  however, 
hrake  response  is  quite  sensitive  and  the  pilot  is 
prone  to  overcontrol.  Cross  wind  take-off  charac- 
teristics should  be  satisfactory  when  the  nose  wheel 
steering  is  improved,  rudder  forces  reduced  : nd 
lateral  control  sensitivity  decreased. 

Tak  .-off  auxiliary  position  was  utilized  on  two 
occasions.  Use  of  take-off  auxiliary  locks  requires 
pushing  down  on  the  individual  finger  lifts  at  the 
military  power  position  and  then  pushing  the  throt- 


tles forward  approximately  two  inches  before  firing 
the  afterburners.  This  places  the  throttles  very  close 
to  the  landing  gear  handle  resulting  in  a very  diffi- 
cult landing  gear  handle  operation.  With  the  throt- 
tles in  this  position  it  is  almost  impossible  to  manip- 
ulate the  finger  lifts  and  nose  wheel  steering  with 
the  shoulder  harness  locked.  Even  with  throttles  at 
the  military  power  setting  this  same  difficulty  is  ex- 
perienced; therefore  use  of  the  auxiliary  position 
was  discontinued.  For  normal  operation  it  is  felt 
that  the  single  engine  capabilities  of  the  aircraft  are 
such  that  take-off  locks  are  trot  a necessity.  This  is 
further  justified  as  in  the  case  of  a formation  take-off. 
If  the  locks  were  used  neither  aircraft  would  be  able 
to  modulate  power  as  is  necessary  in  a formation 
take-off.  This  should  not  be  interpreted  to  mean  that 
the  take-off  locks  are  not  required  for  heavy  gross 
weight  conditions  with  external  tanks  or  stores. 


m ciimbs 


Continuous  climbs  were  flown  to  the  cruise  ceiling 
of  the  aircraft  at  maximum  and  military  power.  No 
sawtooth  climb  tests  were  accomplished,  and  climb 
speed  schedules  used  were  those  provided  by  the 
contractor. 

Maximum  Power  (afterburning):  The  acceleration 
of  the  F-101A  after  take-off  to  best  climb  speed  is 
rapid,  taking  approximately  1.13  minutes  from 
brake  release  to  best  climb  speed.  After  the  desired 
climb  speed  is  leached  the  nose  is  pulled  sharply  up 
to  maintain  the  prescribed  climb  schedule.  Up  to 
40,000  feet,  the  climb  angle  is  such  that  the  horizon 
cannot  be  solely  utilized  as  a reference,  necessitating 
partial  use  of  the  artificial  horizon  as  a cross  ref- 
erence. The  climb  speed  schedule  is  easiest  to  main- 
tain by  flying  with  the  aid  of  the  Mach  number  in- 
dicator. The  aircraft  is  very  sensitive  laterally  and 
it  is  difficult  to  keep  from  overcoturolling.  Two  of 
the  three  maximum  power  climbs  flown  were  dis- 
continued when  the  right  afterburner  blew  out  and 
subsequent  compressor  stalls  were  experienced.  The 
other  climb  was  terminated  by  right  engine  com- 
pressor stalls.  When  the  climbs  were  terminated,  the 
aircraft  was  near  its  cruise  ceiling.  Maximum  power 
climb  performance  up  to  43,000  feet  is  excellent  in 
comparison  with  other  fighter  aircraft;  however, 


the  rate  of  climb  drops  off  rapidly  with  altitude  and 
a relatively  low  service  ceiling  of  49,200  feet  is 
reached  after  7.1  minutes  from  sea  level. 

Military  Potver  Climb:  Using  military  power,  the 
rate  of  climb  is  much  lower  than  the  maximum 
power  climbs;  consequently  the  angle  of  climb  is 
not  as  steep  and  visibility  is  improved.  The  climb 
speed  schedule  is  easily  maintained  with  either  the 
use  of  the  Mach  number  or  airspeed  indicator.  The 
lateral  control  sensitivity  problem  is  increased 
slightly  with  the  lower  climb  speeds.  The  military 
power  service  ceiling  is  44,000  feet.  The  best  climb 
speeds  at  altitudes  close  to  the  cruise  ceiling  are  on 
the  edge  of  the  buffet  region. 

Single  Engine  Maximum  Power  Climb:  A single 
engine  maximum  power  climb  was  flown  by  leav- 
ing one  engine  in  idle  power.  The  resulting  rate  of 
climb  is  higher  than  if  the  engine  control  was  in 
idle  cut-off  and  the  engine  windmilling.  The  climb 
was  discontinued  before  the  cruise  ceiling  was 
reached  because  of  cloud  coverage  and  reduced  visi- 
bility. 

A summary  of  the  climb  performance  of  the 
F-101A  is  presented  in  the  following  tables.  This 
data,  corrected  to  standard  NACA  atmospheric  con- 
ditions, is  presented  in  Figures  1,  2 and  3,  Appen- 
dix I. 


““X'MUW  POWER  CLIMB  PERFORMANCE 

Gross  Weight  at  Engine  Start  — 40,530  Pounds 


Altitude 

ft 

R/C 
ft/mi  n 

| 

T/C** 

min 

Fuel* 

Used 

lb 

Gross 

Weight 

lb 

Distance 
Traveled 
naut.  mi. 

True 

A/S 

knots 

5.L.  (ost) 

29,000 

0 

0 

39,000 

0 

560 

10,000 

25,300 

.37 

419 

38,581 

3.5 

580 

20,000 

20,650 

.80 

826 

38,174 

7.6 

570 

30,000 

15,000 

1.36 

1236 

37,764 

12.9 

548 

40,000 

7,550 

2.27 

1710 

37,290 

21.1 

540 

45,000 

3,250 

3.25 

2100 

36,900 

29.5 

540 

49,200  S/C 

100 

7.10 

3400 

35,540 

64.0 

545 

* For  maximum  power  climbs  allow  1530  pounds  of  fuel  for  start,  taxi,  take-off  and  acceleration  to 
best  climb  speed. 

**  To  obtain  time  to  climb  from  brake  release  add  l.lij  minutes. 
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■ level  flight 


Maxima:;/  Speeds:  Maximum  ievel  (light  speeds  of 
the  F-101A  within  its  operational  altitude  are  ex- 
ceeded only  by  the  XF-104.  The  level  flight  accelera- 
tion characteristics  of  the  F-101A  are  superior  to 
those  of  the  XF-104.  For  all  practical  purposes  the 
F-101A  at  35,000  feet  can  accelerate  from  .85  Mach 
number  to  its  maximum  level  flight  speed  in  ap- 
proximately 5 minutes.  Acceleration  is  good  at  all 
altitudes.  Supersonic  flight  was  attained  at  altitudes 
above  13,000  feet.  Supersonic  formation  flight  will 
require  varying  throttle  setting  while  in  afterburn- 
ing. This  will  require  extreme  care  on  the  part  of 
the  pilot  as  there  is  no  minimum  afterburning  stop 


or  detent  to  prevent  his  inadvertently  coming  out  of 
afterburning.  On  the  preliminary  Phase  I evaluation 
flights  the  stick  position  was  too  far  aft  for  super- 
sonic flight.  The  stick  position  has  been  modified 
to  where  it  is  satisfactory.  For  supersonic  flight,  the 
longitudinal  trim  rate  is  satisfactory  and  the  aircraft 
is  very  easy  to  trim  out.  Maximum  level  flight 
speeds  were  determined  over  a range  of  altitudes. 
This  data,  corrected  to  a standard  NACA  atmos- 
phere and  a gross  weight  of  35,000  pounds,  is  pre- 
sented graphically  in  Figures  4 and  5,  Appendix  1, 
and  is  summarized  in  the  following  table: 


F-101A 

Phase  II 

Results 

McDonnell  Report  No. 

3683 

I Military  Power 

i 

1 Maximum  Power 

Military  Power 

| Maximum  Power 

Alt. 

Marh 

True  A/S 

Mach 

True  A/S 

Mach 

True  A/S 

Mach 

True  A/S 

ft 

No 

kt« 

No 

lets 

No 

kts 

No 

ktt 

13,000 

.934 

589 

1.011 

638 

.934 

589 

1.070 

675 

22,000 

.950 

578.5 

1.185 

721.5 

.950 

578.5 

1.273 

775.5 

30,000 

.963 

567 

1.354 

797 

.963 

567 

1.41 

830 

35,000 

.960 

552.5 

1,442 

830 

.961 

553 

1.458 

839 

40,000 

.945 

543.5 

1.422 

818 

.942 

541.5 

1.409 

810 

45,000 

.885 

509 

1.272 

731.5 

i 

.880 

506 

1.222 

702.5 

Cruise  Control  Data:  Cruise  control  data  corrected 
to  standard  NACA  atmosphere  is  presented  in  Fig- 
ures 6 through  II.  The  results  from  the  limited 
amount  of  data  obtained  indicate  that  the  best  range 
of  the  aircraft  can  be  realized  by  flying  at  a weight- 
pressure  ratio  of  180,000  pounds  (38,530  pounds 
gross  weight  and  36,800  feet).  This  condition  can 
be  realized  by  making  a military  power  take-off  and 
climb  up  to  an  altitude  of  36,800  feet  (allowing 
1070  pounds  of  fuel  for  warm-up,  taxi,  take-off  and 
acceleration  to  best  climb  speed)  and  establishing 
the  power  for  recommended  cruise  Mach  number. 
This  Mach  number  should  then  be  maintained  with 
constant  power,  gaining  altitude  as  weight  decreases. 
There  is  some  indication  that  because  of  the  in- 
crease in  specific  fuel  consumption  of  the  j 57  en- 
gine at  altitude,  there  may  be  an  altitude-engine- 


airframe  combination  at  which  a longer  range  could 
be  attained  by  maintaining  a constant  altitude 
cruise.  The  present  intercompressor  bleed  valve 
schedule  is  such  that  the  bleed  valves  are  open  in 
the  speed  range  for  best  cruise.  To  determine  the 
effect  that  this  present  schedule  has  upon  range, 
cruise  data  was  obtained  at  35,000  and  40,000  feet 
with  the  bleed  valves  in  the  automatic  and  man- 
ually controlled  positions.  The  manually-closed 
bleed  valve  cruise  data  indicated  that  a 6.5%  in- 
crease in  specific  range  could  be  realized  over  the 
range  obtained  with  the  present  automatic  bleed 
valve  schedule.  The  specific  range  with  the  auto- 
matic bleed  valve  schedule  was  15%  less  than  the 
contractor’s  predicted  values.  Cruise  control  data  is 
summarized  in  the  following  table: 
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RECOMMENDED  CRUISE  PERFORMANCE 


Alt. 

ft 

Gr.  Wt. 
lb 

mach 

No 

kts 

TAS 

kls 

RPM 

M...t  *!.  kill.. 

pftr  lb  of  fuel 

13,000 

37,000 

.710 

376 

448 

8245 

.0742 

30,000 

38,000 

.830 

316 

448.5 

8145 

.113 

35,000 

37,000 

.815 

278 

469 

8090 

.1208 

35,000** 

37,000 

.802 

273 

461.5 

8010 

.1272 

40,000 

36,500 

.810 

245 

465.5 

8275 

.1255 

40,000** 

36,500 

.815 

247 

468.5 

8205 

.134 

40,000** 

30,925 

.805 

244 

463 

8035 

.1495 

45,000 

34,000 

.860 

234 

494.5 

9050 

.0958 

* Recommended  cruising  speed  is  the  highest  airspeed  for  99  percent  of  the 
maximum  nautical  air  miles  per  pound  of  fuel. 

**  Bleed  valves  closed. 


Drag  Data:  Level  flight  drag  data  <‘s  not  presented 
because  of  poor  afterburner  nozzle  operation  and 
the  consequent  unreliability  of  thrust  measurements. 
Thrust  data  was  obtained  during  all  tests  by  means 
of  a calibrated  thrust  rake  at  the  standard  location 
between  the  third  stage  turbine  and  the  afterburner 
spray  bar.  Afterburner  nozzle  operation  was  unsatis- 
factory. When  coming  out  of  afterburning  the  noz- 
zles would  stick  open  at  varying  degrees.  To  close 
the  nozzles  it  was  necessary  to  reduce  the  power  to 
80%  rpm  and  decrease  the  airspeed.  Once  the  noz- 
zles were  closed  they  would  drift  open  during  flight 
as  evidenced  by  nozzle  position  instrumentation  and 
more  significantly  by  lower  airspeeds  and  lower  P,7 
values  for  a given  power  setting  as  compared  to  air- 
speeds and  P,r  values  obtained  with  the  nozzles  ful- 
ly closed.  A plot  of  vs.  P,,/Prj  is  presented 

in  Figure  12,  Appendix  I.  The  plot  indicates  the 
affect  of  afterburner  nozzle  position  on  the  P , T / P 
pressure  ratio  and  thrust  measurement. 

Engine  Operation:  The  operation  of  the  YJ57-P- 
13G  engine  during  Phase  II  tests  was  considered  un- 
satisfactory because  of  engine  compressor  stalls  un- 
der accelerated  flight  maneuvers,  afterburner  noz- 
zes  either  sticking  open  after  coming  out  of  after- 
burning or  drifting  open  in  flight,  erratic  bleed 
valve  operation,  and  inability  to  relight  the  after- 
burner at  altitudes  of  45,000  feet  and  above.  Though 
engine  compressor  stalls  are  not  the  problem  they 
were  with  the  unmodified  YJ57-P-13  engines  and 
the  Nos.  1 to  11  duct  configuration,  they  are  still 
enough  of  a problem  to  seriously  limit  the  opera- 
tional and  tactical  capabilities  of  the  aircraft.  En- 
gine compressor  stalls  can  be  encountered  under  3 
to  4 g positive  loads  regardless  of  speed  or  altitude. 
At  altitudes  above  30,000  feet,  engine  compressor 


stalls  were  present  under  accelerated  flight  condi- 
tions at  low  indicated  airspeeds.  Engine  accelera- 
tions in  level  flight  were  considered  satisfactory. 
Only  on  one  occasion  were  compressor  stalls  en- 
countered during  a throttle  burst.  This  occurred  at 
an  altitude  of  40,000  feet  and  .825  Mach  number. 
The  afterburner  would  normally  light  at  altitudes 
up  to  42,000  feet.  Lights  could  be  sometimes  ob- 
tained between  42,000  and  44,000  feet,  but  the  after- 
burner could  not  be  lit  at  all  at  45,000  feet. 
Miscellaneous:  There  is  a very  noticeable  and  ag- 
gravating buffet  at  approximately  .93  Mach  num- 
ber. The  source  of  this  buffet  should  be  located  and 
eliminated.  The  canopy  deflection  that  was  experi- 
enced during  the  Phase  I Air  Force  evaluation 
flights  in  the  higher  supersonic  speed  ranges  has 
been  improved  and  is  now  satisfactory.  Noxious 
fumes  are  always  present  when  coming  out  of  after- 
burning. These  fumes  were  present  for  only  a short 
time  before  clearing  away.  Fumes  were  not  concen- 
trated enough  to  cause  eye  smarting.  For  all  prac- 
tical purposes,  the  objectionable  cockpit  fumes  that 
were  present  during  the  Air  Force  Phase  I evalua- 
tion flights  have  been  eliminated.  Cockpit  pres- 
surization is  not  satisfactory  when  utilizing  normal 
(5  psi)  pressure  differential.  Small  throttle  adjust- 
ments affect  cabin  pressure  differential,  making  it 
very  uncumfortable  to  the  pilot.  This  could  possibly 
be  attributed  to  a faulty  pressure  regulator.  The 
heating  and  ventilation  is  considered  adequate  and 
distribution  is  satisfactory.  No  difficulties  were  ex- 
perienced with  the  canopy  fogging  over  at  altitude 
or  during  rapid  descents.  The  greater  percentage  of 
resr  flying  was  performed  in  the  dry  air  of  the 
Mojave  Desert.  The  seat  back  angle  is  satisfactory 
for  all  phases  of  operation. 
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ran c;e  mission 


A combat  radius  mission  was  carried  out  in  accordance  with  the  following 
loading  and  flight  plan  as  furnished  by  the  contractor: 

| 1 | Loading 

Fuel  13,150  lb  at  6.53  Ib/gal  = 2013  gal 

Engine  start  gross  weight  = 40,680  lb 

[a]  Flight  Plan 

a Allow  5 minutes  of  normal  rated  power  for  warm  up,  taxi,  take-off  and 
acceleration  to  best  climb  speed. 

Take-off  in  military  power. 

b Military  power  climb  on  course  to  optional  cruise  altitude  of  34,100  feet, 
e Cruise  out  climbing  to  36,000  feet  at  speed  for  99%  maximum  range, 
d Military  power  climb  on  course  to  cruise  celling  of  44,500  feet. 

e Combat  at  44,500  feet. 

1 5 minutes  at  military  power,  high  speed. 

5 minutes  at  maximum  power  acceleration. 

f Descent  to  optional  cruise  altitude  of  37,800  feet  and  cruise  in,  climbing 
to  39,600  feet  at  speed  for  99%  maximum  range. 

g Reserve,  10%  of  initial  fuel  loading. 


The  range  mission  profile  is  presented  in  Figs.  8 and  9,  Appendix  I.  Cruise  speeds 
used  during  the  mission  were  those  recom mended  by  the  contractor  and  were  .02 
Mach  number  higher  than  those  obtained  from  the  speed-power  data.  Intercom- 
pressor blc.  d valves  were  manually  closed  throughout  the  flight.  The  pilot  was 
unable  to  light  the  afterburners  at  42,000  feet  during  the  combat  portion  of  the 
mission.  The  right  afterburner  was  lit  at  41,000  feet  but  he  was  still  unable  to 
light  the  left  afterburner  at  39,000  feet.  The  combat  operation  of  the  Range  Mis 
sion  was  discontinued  at  this  point  and  cruise-in  operation  begun.  The  fuel  flow 
data  appearing  on  the  plots  was  obtained  by  use  of  Potter  fuel  flow  meters.  The 
amount  of  fuel  used  and  gross  weights  were  calculated  from  fuel  quantity  gages 
which  have  an  estimated  collective  accuracy  of  200  pounds.  The  following  table 
outlines  the  radius  mission  results: 


■ airspeed  calibration 

A test  nose  boom  airspeed  system  and  the  ships 
standard  airspeed-altimeter  system  were  calibrated 
throughout  the  usable  airspeed  range  by  pacer  air- 
craft and  by  accelerating  and  decelerating  past  the 
pacer.  The  systems  were  calibrated  in  the  clean  and 
landing  configuration.  The  data  is  presented  in 
Figures  18,  19  and  20,  Appendix  I. 


■ normal  approach 

and  iandiisg 

The  initial  approach  to  a landing  is  made  at  an 
altitude  of  approximately  1000  feet  above  the  run- 
way. Indicated  airspeed  at  break-off  is  between  300 
and  350  knots.  Speed  brakes  are  extended  after  turn- 
ing  on  the  downwind  leg  in  order  to  quickly  de- 
crease the  airspeed  to  the  gear  down  limit  speed  of 
250  knots  IAS.  The  speed  brakes  are  normally  closed 


required  will  be  approximately  70%  rpm. 
ite  of  sink  will  be  excessive  if  power  is  re- 
to  idle.  Initial  buffet  will  occur  at  approxi- 
155  knots  IAS.  The  recommended  speed  for 
[own  with  2000-3000  pounds  of  fuel  remain- 
140-145  knots  IAS.  On  one  occasion  by  utiliz- 
>wer  the  aircraft  was  flown  down  to  a speed  of 


122  knots  IAS  before  touchdown:  however,  buffet 
was  excessive.  The  excessive  buffet  was  felt  to  be 
caused  by  a disturbance  at  the  wing  root  when  flaps 
are  extended.  Buffet  was  present  in  no-flap  landings, 
but  to  a much  smaller  degree. 

Visibility  throughout  the  final  approach  and 
landing  is  excellent,  immediately  after  touchdown 
the  nose  is  lowered  to  the  runway  and  upon  contact 
the  drag  chute  deployed.  The  drag  chute  is  very 


effective  and  was  successfully  deployed  for  all  land- 
ings during  the  Phase  II  tests.  Braking  after  touch- 
down is  good.  If  the  buffet  boundary  can  be  re- 
duced 15-20  knots,  normal  touchdown  speeds  can  be 
reduced  the  same  amount  thereby  permitting  the 
aircraft  to  be  safely  operated  from  a shorter  run- 
way. The  quality  of  the  tires  during  the  Phase  II 
test  was  poor  and  the  pilots  were  reluctant  to  use 
brakes  for  fear  of  a blowout. 


Two  performance  landings  to  determine  the  distance  required  to  clear  a 50- 
foot  obstacle  were  recorded  on  the  AFFTC  photogrid.  The  drag  chute  was  de- 
ployed after  touchdown  and  light  braking  used  during  the  ground  roll.  Test  data 
corrected  to  standard  NACA  atmosphere,  sea  level,  no  wind  conditions  is  present- 
ed in  the  following  table: 


Nose  boom 

Ships 

System 

Tot. 

TAS 

TAS 

IAS 

IAS 

IAS 

IAS 

Gross 

Gr. 

Dist. 

i at 

at 

at 

at 

at 

at 

Wt 

Roll 

over 

| 50' 

TO 

50' 

TD 

50' 

TD 

lb 

ft 

50'  - ft 

kts 

kts 

kts 

kts 

kts 

kts 

30,250  I 

5100 

6360 

161 

147.5 

163.5 

145.5 

161.5 

146.5 

31,500 

5115 

5410 

161 

150 

161.5 

145.5 

159.5 

145.5 

It  is  felt  that  if  heavy  braking  could  be  used,  a ground  roll  of  2500  to  3000  feet 
could  be  attained. 

Several  no-flap  landings  were  made.  The  approach  angle  for  no-flap  landings 
is  much  flatter  than  with  flaps.  Final  approach  speed  was  180  knots  IAS  and 
touchdown  speed  155  knots  IAS.  Initial  buffet  occurs  at  166  knots. 

Cross  wind  landings  were  accomplished  in  gusty  winds  up  to  35  knots.  No 
great  difficulties  are  experienced  during  the  cross  wind  approach  to  a landing 
until  buffet  is  encountered  prior  to  touchdown.  A straight  path  can  easily  be 
maintained  by  "crabbing”  or  dropping  the  up  wind  wing.  Once  buffet  is  encoun- 
tered, the  pilots  tend  to  overcontrol  the  aircraft  because  of  lateral  control  sensi- 
tivity. After  touchdown  the  same  problems  exist  in  the  landing  ground  roll  that 
were  brought  out  in  the  discussion  on  the  cross  wind  take-off  ground  roll. 


« SINGLE  ENGINE  APPROACH  AND  LANDING 


Data  was  obtained  qualitatively  for  single  engine  approaches,  landing  and  wave- 
offs  in  the  event  of  an  emergency.  The  figures  represent  pilot-observed  data  and 
are  not  corrected  to  standard  day  conditions.  Flights  were  flown  at  attitudes  above 
2,270  feet. 


Configuration 


Single  eng. 
^ower 


Highest  altitude 
at  which  level  flight 
could  bo  maintained 


Gear  down,  flaps  down,  speed  brakes  out 


Military 

Military 


Not  able  to  maintain  level  flight 
a non  foat 


Gear  down,  flaps  up,  speed  brakes  out 
Gear  down,  flaps  down,  speed  brakes  in 
Gear  down,  flaps  up,  speed  brakes  in 


From  the  above  data  it  can  be  seen  that  the  best 
} single  engine  approach  configuration  is  with  gear 

down,  flaps  up  and  speed  brakes  retracted.  This  con- 
figuration provides  adequate  excess  power  in  the 
event  of  go-around.  The  approach  speed  should  be 
approximately  15  knots  h'gher  than  normal  for  a 
given  amount  of  fuel  remaining.  The  approach 
angle  is  relatively  flat.  Just  before  touchdown  the 
flaps  and  dive  brakes  should  be  extended.  The  pilot 
must  be  certain  that  he  has  the  runway  "made” 
before  extending  the  flaps  and  dive  brakes.  In  the 
i event  of  a go-around,  utilizing  military  power,  the 

; aircraft  will  not  maintain  level  flight  much  less 

j climb  with  gear  and  flaps  down  and  dive  brakes 

extended.  If  a decision  is  made  to  go-around  prior 

I to  extension  of  flaps  and  speed  brakes,  the  aircraft 

will  accelerate  and  climb  nicely  on  single  engine 
military  power.  The  decision  to  go-around  should 
J be  made  early  in  the  approach  because  once  the 

normal  rate  of  sink  is  established,  approximately 
250  feet  of  altitude  will  be  lost  after  full  throttle  is 

i applied  (military  power)  and  the  aircraft  accel- 

t erates  into  a climb, 

r 

■ dive  and  high  speed  Slight 

s No  extreme  high  angle  dives  were  performed.  One 

i high  speed  dive  was  made  from  an  altitude  of  40,000 

i feet  at  an  estimated  dive  angle  of  sixty  degrees.  The 

dive  was  terminated  at  30,000  feet  at  an  indicated 


Military  8,500  feet 

Military  10,500  feet 


Mach  number  of  1.35  with  an  abrupt  constant  3 g 
symmetrical  pull-out.  The  flying  characteristics  of 
the  aircraft  and  the  stabilizer  effectiveness  are  ex- 
cellent. With  the  yaw  damper  off  there  is  a slight 
snaking  tendency  at  approximately  .94  and  1.30  in- 
dicated Mach  numbers.  This  slight  snaking  tendency 
is  not  present  with  the  yaw  damper  on.  Caution 
must  be  exercised  when  making  high  g pullouts  at 
low  altitudes.  The  light  stick  forces  and  excellent 
stabilizer  effectiveness  may  lead  to  overstressing  the 
aircraft. 


n high  altitude  operation 

The  high  altitude  performance  of  the  aircraft  as 
previously  mentioned,  is  seriously  hampered  by 
poor  engine  performance  r.r.d  compressor  stalls  un- 
der accelerated  flight  maneuvers.  From  a straight 
away  climb  after  take-off  with  a full  load  of  fuel, 
the  F-101A  cannot  climb  over  50,000  feet.  To  per- 
form an  intercept  in  this  aircraft,  the  best  pro- 
cedure is  to  climb  from  take-off  to  42,000  feet.  At 
this  altitude  the  aircraft  is  leveled  off  and  allowed 
to  accelerate  tu  a speed  of  approximately  1.4  Mach 
number,  reducing  weight  as  fuel  is  consumed.  A 
climbing  turn  to  48,000  feet  can  be  made  from  this 
altitude,  at  1.05  Mach  number,  holding  1.3  to  1.5  g. 
The  ciimb  can  be  continued  to  50,000  feet  at  1.02 
Mach  number. 


A constant  altitude,  constant  speed  (1.02  Mach 
number)  1.2  g turn  was  made  at  50,500  feet  at  a 
gross  weight  of  31,500  pounds.  Temperatures  were 
from  5°  to  6°C  colder  than  a standard  NACA  day. 


it  night  flight  evaluation 

The  overall  cockpit  lighting  and  night  visibility  is 
generally  good.  However,  there  are  three  items 
which  require  improvement.  The  lighting  and  con- 
trol of  light  intensity  for  the  forward  panel  is  con- 
sidered adequate  with  the  exception  of  the  altimeter 
and  airspeed  indicators  located  on  the  extreme  left 
portion  of  the  forward  panel.  When  the  light  in- 


tensity for  the  rest  of  the  forward  panel  is  properly 
adjusted,  the  light  intensity  for  the  altimeter  and 
airspeed  indicators  is  too  low.  When  light  intensity 
for  these  two  instruments  is  adjusted  properly,  the 
light  intensity  for  the  rest  of  the  panel  instruments 
is  too  great.  The  holes  for  the  various  instrument 
adjustment  knobs  are  too  large  for  the  knobs  and 
emit  too  much  light.  This  makes  it  difficult  to  read 
the  instruments  and  also  creates  objectionable  can- 
opy  glare  and  reflections.  The  console  lighting  and 
control  of  light  intensity  is  considered  excellent. 
The  landing  lights  are  focused  too  high  to  be  ef- 
fective for  landing  and  create  a milky  effect  in  front 
of  the  pilot  while  on  final  approach  thereby  inter- 
fering with  his  depth  perception. 
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stabllitv  anti  control 


RESULTS 


■s  test  configurations 


The  following  configurations  as  per  military  specification  MIL-F-8785  (ASG) 
are  presented  on  the  plots  and  referred  to  in  the  stability  and  control  discussion: 


Configuration:  Co: 
Configuration:  CR: 
Configuration:  PA: 
Configuration:  L: 
Configuration:  TO: 


Combat:  Augmented  power,  airplane  in  combat  configuration. 
Cruise:  Power  for  level  flight  at  trim  speed,  flaps  up,  gear  up. 
Power  Approach:  Gear  down,  flaps  down,  speed  brakes  extended, 
landing:  Power  off,  gear  down,  flaps  down,  speed  brakes  in. 
Take-off:  Gear  down,  flaps  down,  take-off  power. 


Phase  II  stability  tests  were  conducted  at  the  norma!  eg  loading.  No  control 
over  eg  location  was  exercised  by  ballasting  or  by  fuel  flow  because  the  fuel  selec- 
tion was  entirely  automatic.  The  eg  at  engine  start  gross  weight  of  40,600  pounds 
was  31.4%  MAC.  The  eg  traveled  aft  5.6%  MAC  with  all  internal  fuel  consumed. 


■ flight  control  system 

All  primary  controls  are  hydraulically  powered  and 
are  irreversible  in  their  action.  Movement  of  the 
cockpit  controls  serves  only  to  position  valves, 
through  mechanical  linkage  in  such  a manner  that 
control  surface  movement  is  proportional  to  stick 
movement.  The  horizontal  stabilizer  and  ailerons 
utilize  power  from  both  the  primary  and  utility 
hydraulic  systems.  The  rudder  is  operated  by  the 
primary  system  alone.  To  compensate  for  the  irre- 
versible control  system,  stick  and  rudder  forces  are 
provided  by  separate  artificial  feel  systems.  Each  of 
the  primary  controls  can  be  trimmed  electrically. 


Horizontal  Stabilizer:  The  functions  of  the  sta- 
bilizer and  the  elevator  are  combined  into  a single 
unit  called  the  stabilator.  The  actuating  unit  con- 
sists of  two  cylinders  with  their  pistons  affixed  to  a 
common  shaft.  One  cylinder  is  connected  to  the  pri- 
mary hydraulic  system,  the  other  to  the  utility  hy- 
draulic system.  In  normal  operation  both  work  si- 
multaneously, but  the  horizontal  stabilizer  can  be 
controlled  by  either,  at  reduced  airspeeds,  in  the 
event  of  failure  of  the  other. 

"Feel”  is  induced  into  the  stabilator  control 
system  by  ram  air  pressures  acting  on  the  stabilator 
bellows.  The  bellows  force  is  applied  to  variable 
balance  assembly  which  is  connected  to  the  control 
stick  through  the  control  linkage.  Stabilator  bellows 
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forces  vary  with  airspeed  and  air  densicy.  A viscous 

- . . 1 * .1  _ C 1 f«-*  nfAvl^P 

damper  is  incorporated  »u  u«=  

a greater  resistance  to  any  abrupt  or  sudden  stick 
movement  and  aid  in  preventing  the  airplane  from 
being  subjected  to  over-limit  load  factors.  A bob- 
weight  is  also  installed  on  the  stick  which  will 
increase  stick  force  with  an  increase  in  g load. 
During  the  original  preliminary  evaluation  of  the 
F-101A,  the  total  pressure-sensing  feel  system  pick- 
up for  the  inlet  side  of  the  diaphragm  was  a pro- 
truding pipe  installed  on  the  leading  edge  of  the 


vertical  fin  (Fig.  6).  Stick  forces  increased  sharply 
at  approximately  2.5  g indicating  that  at  the  limit 
load  factor  of  7.3  g,  stick  forces  would  be  excessive. 
Prior  to  Phase  II  the  pressure  pick-up  was  relocated 
to  approximately  the  middle  of  the  left  side  of  the 
vertical  fin  (Fig.  7).  The  pick-up  was  a flush  duct 
type.  With  this  location,  stick  forces  both  subsonic 
and  supersonic  were  considered  ideal.  However,  at 
the  start  of  the  Phase  II  flight  program  a longitudi- 
nal stick  shake  developed  at  an  indicated  Mach  num- 
ber of  .95.  The  stick  shake  was  alarming  enough  to 
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restrict  the  flight  test  program  to  speeds  below  1.2 
Mach  number  with  the  pick-up  in  this  position.  As 
a result  the  total  pressure-sensing  fee!  system  pick-op 
was  temporarily  relocated  to  its  original  position  on 
the  leading  edge  of  the  vertical  fin.  The  pick-up  was 
a flush-tube  type  instead  of  a protruding  pipe.  This 
location  gave  somewhat  the  same  longitudinal  stick 
forces  through  the  cruise  and  combat  configurations 
but  forces  were  lighter  in  the  power  approach  and 
landing  configuration.  Although  no  quantitative 
data  was  obtained,  qualitative  data  indicated  that  the 
force  gradient  in  the  power  approach  and  landing 
configuration  was  low  enough  to  be  considered 
marginal. 

Stabilator  trim  is  accomplished  through  the  use 
of  the  same  mechanisms  which  provide  artificial 
feel,  namely  the  bellows  force  acting  on  the  balance 
assembly.  Longitudinal  trim  is  actuated  by  use  of 
the  trim  button  on  the  top  of  the  stick.  The  trim 
rate  was  considered  to  be  a little  too  slow  during 
gear  and  flap  retraction  after  take-off.  Because  of  the 
very  light  stick  forces,  however,  no  difficulty  was 
experienced.  It  is  felt  that  with  higher  longitudinal 
stick  forces,  a faster  trim  rate  will  be  required. 

Aileron:  Ailerons  are  actuated,  individually  but 
simultaneously,  by  two  tandem-type  power  cylin- 
ders using  both  primary  and  utility  hydraulic  power 
in  the  same  manner  as  in  stabilizer  control.  The 
connection  between  the  stick  and  the  power  control 
valves  in  each  actuating  unit  is  a series  of  push  rods 
and  torque  tubes.  There  is  a spring  rod  incorporated 
in  the  linkage  to  each  aileron  so  that  in  the  event 
one  aileron  becomes  immovable  through  battle  dam- 
age or  some  other  cause,  the  other  can  still  be  oper- 
ated with  a little  additional  pilot  effort.  Also,  an 
additional  spring  cartridge  is  located  at  each  aileron 
which  will  position  the  surface  within  ±5  degrees 
of  neutral  in  the  event  linkage  is  shot  away  while  the 
aileron  is  deflected. 

A spring  cartridge,  one  end  of  which  is  attached 
to  the  aileron  linkage,  supplies  feel  to  this  system. 
It  is  so  designed  that  movement  in  either  direction 
requires  compression  of  the  spring  and  consequently 
provides  resistance  to  movement.  Trim  is  provided 
by  attaching  the  other  end  of  this  same  cartridge  to 
an  electric  actuator.  When  energized,  the  actuator 
moves  the  entire  aileron  linkage  so  that  the  neutral, 
or  no-load  position  can  actually  be  established  with 
a small  amount  of  aileron  deflection  in  either  direc- 
tion. Aileron  trim  is  considered  unsatisfactory. 
Aileron  trim  is  controlled  by  the  same  button  on 


the  top  of  the  stick  that  controls  longitudinal  trim. 
The  aileron  trim  response  from  the  time  the  button 
is  actuated  is  very  slow  and  results  in  an  overshoot  of 
trim.  In  a static  condition  on  the  ground  when  the 
aileron  trim  is  energized  and  released,  the  ailerons 
will  overshoot  for  a five  second  period.  It  is  very 
difficult  to  trim  the  aircraft  laterally  and  to  make 
small  trim  corrections  due  to  the  extreme  lateral 
sensitivity. 

Rudder:  The  rudder  is  operated  by  a single- 
cylinder power  unit  from  the  primary  hydraulic 
system.  The  power  cylinder  servo  valves  are  mechan- 
ically positioned  by  a single  series  of  cables  from  the 
rudder  pedals.  In  the  event  the  primary  hydraulic 
system  becomes  inoperative,  power  cylinder  acts  as 
a solid  link  in  the  cable  system  to  permit  rudder  con- 
trol by  pilot  effort.  Fore  and  aft  rudder  pedal  posi- 
tions can  be  adjusted  by  the  crank  on  the  lower  por- 
tion of  the  pedestal.  Two  rudder  dampers  are 
installed  in  the  control  system  to  counteract  high- 
speed flutter  tendencies. 

The  difference  in  the  forces  exerted  on  opposite 
sides  of  a piston  within  a hydraulic  cylinder  offers 
the  resistance  to  rudder  pedal  movement  necessary 
to  produce  the  required  feel.  This  cylinder  joins  the 
rudder  linkage  in  such  a manner  that  control  move- 
ment in  either  direction  tends  to  extend  the  cylinder. 
At  slower  airspeeds,  full  hydraulic  system  pressure  is 
diverted  to  both  sides  of  the  piston,  but  due  to  the 
difference  in  area  of  the  two  sides,  some  resistance 
to  pedal  movement  is  provided.  At  an  approximate 
speed  of  285  knots,  a speed  switch  is  actuated  which 
, in  turn  operates  a valve  shutting  off  hydraulic  pres- 
sure to  the  extension  side  of  the  piston.  This  means 
that  full  hydraulic  system  pressure  then  opposes 
rudder  control  movement,  making  it  very  difficult. 

When  the  shift  in  hydraulic  pressure  occurs 
a definite  rudder  "kick”  or  force  feed-back  can  be 
felt.  When  accelerating  or  decelerating  through  285 
knots,  the  rudder  kick  is  noted  and  requires  retrim- 
ming of  the  rudders.  Throughout  the  speed  range 
rudder  forces  are  much  too  high. 

Trim  is  accomplished  by  varying  the  neutral,  or 
no-load  position  of  the  control  linkage.  This  is 
made  possible  by  an  electric  actuator  in  the  feel  sys- 
tem linkage  which  by  extension  and  retraction 
moves  the  entire  rudder  control  system  proportion- 
ally. The  actuator  is  energized  by  a three-position 
toggle  switch  on  the  left  console  which  is  spring- 
loaded  to  the  "OFF"  (center)  position.  Rudder  trim 
is  considered  satisfactory. 


The  longitudinal,  lateral  and  rudder  control  forces 
required  to  move  the  control  surfaces  throughout 
their  deflection  range  were  measured  in  a closed 
hangar.  The  static  control  forces  are  presented  in 


Figures  29  through  33,  Appendix  I.  The  friction 
band  is  described  by  the  width  of  the  control  force 
versus  control  deflection  band  described  by  arrows 
showing  direction  of  application. 


Control 

Ground  Static 

Friction  Force 

Maximum  Allowable 
Force  from  MlUP.878$rA$G) 

Stabilizer 

3.5 

3 

Aileron 

1.5 

2 

Rudder  (low  feel) 

27. 

7 

Rudder  (high  feel) 

20. 

7 

■ stabilizer  control 
effectiveness 

Take-offs  were  performed  at  a gross  weigh'  of  40,400 
pounds  at  a center  of  gravity  position  of  30.2  percent 
MAC.  Stabilizer  control  during  take-off  is  consid- 
ered satisfactory.  With  the  large  amount  of  sta- 
bilizer control  available  it  is  believed  that  there  will 
be  adequate  longitudinal  control  at  the  forward 
center  of  gravity  limit  of  26.5  percent  MAC.  Stick 
forces  at  nose  gear  lift-off  were  less  than  10  pounds 
and  are  well  under  the  maximum  of  30  pounds  speci- 
fied by  MIL-F-87o5(  ASG).  Time  histories  of  take- 
off are  presented  in  Figures  34,  35  and  36,  Appen- 
dix I. 

Landing  tests  were  flown  to  determine  the  effec- 
tiveness of  the  longitudinal  control  in  holding  the 
aircraft  off  the  runway  until  maximum  ground  angle 
is  reached.  Landings  were  made  at  gross  weights  of 
30,140  tnd  31,455  pounds,  and  at  centers  of  gravity 
of  33.6  and  32.9  percent  MAC.  Stabilizer  control 
effectiveness  is  considered  excellent  and  stick  forces 
are  light.  The  10-pound  maximum  recorded  forces 
are  well  within  the  35-pound  MIL-F-8785  ( ASG) 
requirement.  The  light  stick  forces  tend  to  make 
the  pilot  refrain  from  trimming  the  aircraft  properly 
during  approach.  Although  the  light  stick  forces 
coupled  with  the  slow  longitudinal  trim  rate  of  the 
aircraft  present  no  great  problem,  the  pilot  should 
exercise  some  care  in  trimming  forces  to  the  desired 
amount.  Time  histories  of  landings  are  presented  in 
Figures  37  and  38,  Appendix  I. 

■ static  longitudinal 
stability 

The  static  longitudinal  stability'  in  the  combat  and 
cruise  configuration  is  positive,  control  is  good,  and 


forces  are  light  throughout  the  greater  portion  of 
the  speed  envelope.  There  is  a slight  trim  change  in 
the  transonic  speed  range  (.94  to  .96  Mach  number) 
which  results  in  reversal  in  stabilizer  slope  and  stick 
force  gradient  with  speed.  The  stick  force  and  posi- 
tion reversals  were  hardly  noticeable  to  the  pilot. 
At  supersonic  speeds  there  is  only  a small  change  in 
the  amount  of  stabilizer  travel  required  for  a large 
change  in  speed.  Forces  are  light  and  the  gradient 
is  mild.  This  data  is  presented  in.  Figures  40  through 
43,  Appendix  I. 

In  the  power  approach  configuration,  the  air- 
craft exhibits  positive  static  stability;  however,  the 
light  stick  forces  are  more  noticeable  here  than  in 
other  configurations.  Aircraft  response  to  control 
movement  is  good,  but  because  of  the  light  stick 
forces  the  pilot  may  have  a slight  tendency  to  over- 
shoot the  desired  speed  or  attitude.  Generally  speak- 
ing, good  static  stability  qualities  tend  to  make  the 
aircraft  easy  to  fly  and  the  longitudinal  control  dur- 
ing formation  flying  presents  no  problem.  The  data 
is  presented  in  Figure  39,  Appendix  I. 

a dynamic  longitudinal 
stability 

The  dynamic  longitudinal  stability  characteristics 
were  investigated  throughout  the  speed  range  of  the 
aircraft  at  altitudes  of  12,000  and  36,000  feet.  The 
tests  were  conducted  with  the  controls  free  and  with 
the  pilot  attempting  to  reduce  the  oscillations  as 
quickly  as  possible.  Mo  control  fixed  tests  were 
made  because,  with  the  irreversible  control  system, 
the  results  would  be  essentially  the  same  as  with  the 
controls  free.  Tests  were  also  made  with  both  total- 
pressure  feel  systems  installed.  This  data  is  pre- 
sented in  Figures  44  through  65,  Appendix  I. 
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The  dynamic  oscillations  of  normal  acceleration 
damped  to  less  than  one-half  amplitude  in  one  cycle 
in  all  configurations  with  the  exception  of  the  cruise 
configuration  at  an  altitude  of  38,400  feet  and  cali- 
brated airspeed  of  278.5  knots.  The  magnitude  of 
the  residual  oscillations  exceeded  -*“.02  g in  almost 
all  cases;  however,  the  angular  attitude  was  not 
objectionable  to  the  pilot.  The  motion  of  the  sta- 
bilizer following  release  was  essentially  deadbeat. 
Pilot  induced  oscillations  did  not  result  from  the 
pilot’s  erforts  to  damp  the  residual  oscillation  as 
quickly  as  possible. 

With  the  total  pressure  artificial  feel  system 
pick-up  located  on  the  leading  edge  of  the  vertical 
fin,  the  induced  oscillations  took  a slightly  longer 
time  to  damp  out.  This  is  more  pronounced  in  sub- 
sonic speeds  than  in  the  supersonic  flight  regime, 
and  was  most  apparent  in  the  power  approach  con- 
figuration. The  light  stick  forces  and  damping 
characteristics  at  cruise  speeds  may  require  a pitch 
damper  to  aid  in  tracking.  A check  on  the  tracking 
characteristics  of  the  aircraft  should  be  made  as  soon 
as  possible. 

maneuvering  flight 
characteristics 

The  maneuvering  capabilities  of  the  F-101A  in  the 
supersonic  flight  range  are  slightly  better  than  those 
of  the  F-100,  and  are  less  in  the  subsonic  flight  range. 
The  aircraft  is  seriously  restricted  in  its  ability  to 
maneuver  at  altitude  and  its  capability  as  an  air  supe- 


riority fighter  compromised  because  of  compressor 
stalls  which  result  from  positive  g loads.  The  prob- 
lem is  most  pronounced  in  subsonic  maneuvering. 
Compressor  stalls  will  usually  occur  in  positive  nor- 
mal acceleration  turns  of  2.5  to  3 g at  altitudes  of 
45,000  to  50,000  feet  while  operating  in  afterburning 
at  subsonic  speeds.  During  supersonic  maneuvering 
the  problem  also  exists  in  normal  acceleration  turns 
of  3 to  4 g.  Compressor  stalls  occur  in  the  inboard 
engine  and  usually  result  in  afterburner  blow-out 
followed  by  rapid  engine  stalls  until  g forces  are 
relaxed.  If  compressor  stalls  are  encountered  at  any 
time  during  combat,  the  pilot  would  immediately  he 
placed  on  the  defensive,  have  to  break  off  combat, 
relax  g forces,  lose  altitude  and  pick  up  airspeed  in 
order  to  accelerate  through  the  stalls. 

The  maneuvering  flight  capabilities  of  the  air- 
craft in  the  supersonic  flight  range,  discounting 
compressor  stalls  resulting  from  positive  g loads,  are 
considered  excellent.  At  altitudes  up  to  40,000  feet 
at  speeds  varying  from  1.3  Mach  number  to  V„„„,  4 
g could  be  attained  easily.  The  limit  load  factors  for 
the  Phase  II  test  were  -|-4  g to  0.5  g.  The  stick  force 
gradient  is  low  enough  to  indicate  that  the  stick 
forces  will  be  within  limits  at  the  design  limit-load 
factor  of  7.33  g.  The  ability  to  perform  constant 
altitude,  constant  airspeed  turns  at  supersonic  speeds 
at  an  altitude  of  45,000  feet  is  superior  to  any  other 
fighter  aircraft  tested  at  the  Flight  Test  Center.  The 
following  data  was  obtained  with  the  pilot  execut- 
ing constant  altitude  and  constant  airspeed  turns: 


44,260 

401.5 

1.349 

1.86 

33,390 

44,540 

385.0 

1.306 

2.13 

32,330 

34,380 

486.0 

1.326 

2.56 

33,290 
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Control  forces  in  steady  accelerated  flight  were 
obtained  in  the  combat,  cruise  and  power  approach 
configurations.  Tests  were  conducted  by  placing  the 
aircraft  in  steady  turning  flight  to  obtain  stabilized 
conditions  of  positive  normal  acceleration,  stick  force 
and  speed,  while  allowing  the  altitude  to  vary  as 
little  as  possible.  The  stick  force  gradient  in  all  con- 


figurations was  within  the  limits  as  specified  by 
MIL-F-8785  (ASG).  The  data  is  presented  in  Fig- 
ures 66  through  74,  Appendix  1 and  is  summarized 
in  the  following  table.  The  limit  load  factor  of 
7.33  g was  used  to  compute  maximum  and  minimum 
force  gradients. 


stabilises;  control  force  gradient 


Conflj 

juration 

1 

CG 

% MAC 

Average 

Force 

Gradient 

lb/9 

Maximum 

9 

. Attainable 

9 

Maximum 

Force 

Gradient 

MIL-F-8785  (ASG)  | 
tb/s 

Minimum 

Force 

Gradient 

MIL-F-8785  (ASG) 

tb/s 

CRUISE 

CAS  282  kts 
alt.  37,400  ft 
wt.  31,250  lb 

34.7 

i 

7.2* 

1.7 

8.85 

3.32 

CRUISE 

CAS  294  kts 
alt,  35,900  ft 
wt.  31,250  lb 

34.7 

8.1* 

1,9 

8.85 

3.32 

COMBAT 

CAS  474.5  kts 
alt.  35,000  ft 
wt.  32,050  lb 

33.9 

7.0* 

8.85 

3.32 

COMBAT 

CAS  508.5  kts 
alt.  36,500  ft 
wt.  33,730  lb 

34.0 

7.0** 

1 

j 

8.85 

1 

3.32 

CRUISE 

CAS  418  kts 
alt.  13,800  ft 
wt.  37,580  lb 

32.9 

3.53* 

3.5 

! 

8.85 

3.32 

POWER  APPROACH 

CAS  193  kts 
alt.  12,700  ft 
wt.  31,750  lb 

32.43 

5.5* 

1.55 

8.85 

3.32 

CRUISE 

CAS  483  kts 
ait.  14,700  ft 
wt.  38,000  lb 

31.4 

i 

4,5** 

, 

3.6 

8.85 

3.32 

* Total  pressure  sensing  artificial  feel  system  pick-up  located  on  the  leading  edge  of 
vertical  fin. 

**  Total  pressure  sensing  artificial  fee!  system  pick-up  located  on  the  left  side  of 
vertical  fin. 


The  stick  force  gradients  in  the  cruise  and  com- 
bat configurations  were  similar  with  either  total 
pressure  sensing  artificial  feel  system  pick-up.  Al- 
though no  quantitative  data  was  obtained,  the  pilot 
felt  that  the  stick  force  gradient  with  the  total  pres- 
sure sensing  feel  system  located  on  the  vertical  fin 
was  too  low. 


High  speed  dives  and  abrupt  pull-outs  v/ere 
flown  to  demonstrate  that  the  stick  force  gradient 
during  abrupt  pull-outs  is  equal  to  or  exceeds  that 
obtained  during  steady  accelerations.  This  data  is 
presented  in  Figures  75  and  76,  Appendix  I.  In  both 
dives  and  pull-outs  the  stick  force  gradients  were 
higher  than  those  recorded  in  steady  accelerations. 
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n longitudinal  trim 
changes 

The  longitudinal  trim  changes  caused  by  changes  in 
power,  gear  operation,  etc.,  encountered  under  nor- 
mal flight  operation  were  investigated.  Trim  changes 
arc  small  and  are  easily  controllable  by  light  sta- 
bilizer control  forces.  Flap  extension  or  retraction 
produces  the  most  noticeable  single  longitudinal 
trim  change,  A simulated  wave-off  from  the  ap 
proach  configuration,  trim  speed  180  knots  IAS, 
was  made.  The  wave-off  was  initiated  by  applying 
maximum  power  then  retracting  landing  gear,  flaps 
and  speed  brakes.  The  resulting  trim  changes  were 
easily  handled  because  of  the  light  longitudinal 
control  forces  and  effective  stabilator  control. 


In  the  approach  configuration,  180  knots  was 
the  lowest  indicated  airspeed  the  aircraft  could  be 
trimmed  to  and  maintain  hands-off  level  flight.  At 
180  knots,  IAS,  the  up  stabilator  trim  was  gone 
due  to  the  forward  movement  of  the  stick  that  re- 
sults from  speed  brake  extension  (see  Speed  Brake 
Operation). 

The  following  table  presents  the  longitudinal 
trim  change  conditions  and  the  peak  longitudinal 
control  forces  required  subsequent  to  the  pilot  action 
initiating  the  configuration  change.  M1I.-F-8785 
(ASG)  specifies  that  the  magnitude  of  the  peak  lon- 
gitudinal forces  shall  not  exceed  10  pounds  for  a 
period  of  5 seconds  following  the  configuration 
change. 


■ speed  brake  operation 

The  effectiveness  of  the  F-101A  speed  brake  was 
cross  checked  against  speed  brake  effectiveness  of 
an  F-86F.  The  results  indicated  the  F-IuIA  speed 
brake  is  more  effective.  Reduction  of  the  speed 
brake  travel  to  fifty  degrees  (approximately  yi 
open)  has  eliminated  the  objectionable  buffet  re- 
ported during  the  Air  Force  Phase  I evaluation 
flights.  There  is  very  little  objectionable  trim  change 
when  the  speed  brakes  are  open  or  closed.  When 
the  speed  brakes  are  opened,  the  control  stick  will 
move  forward  to  such  a degree  (one  to  two  inches 
at  180  knots  IAS)  that  only  a normal  acceleration  of 
-j-0.5  g is  induced.  The  aircraft  gains  approximately 
500  feet  in  altitude  with  hands  off  the  stick.  The 
force  required  to  maintain  constant  altitude  is  light. 
The  reverse  movement  of  the  stick  occurs  when  the 
speed  brakes  are  closed.  This  characteristic  increases 
the  stabilizer  travel  available  and  provides  a degree 
of  automatic  trimming.  Time  histories  of  speed 
brake  opening  and  closing  are  presented  in  Figures 
77  through  81,  Appendix  I. 

■ dynamic  lateral  and 

directional  stability 

Dynamic  lateral  and  directional  stability  tests 
were  flown  to  determine  the  response  of  the  air- 
craft to  either  lateral  or  directional  disturbance. 
Tests  were  flown  at  altitudes  of  1 1,500  to  14,000  feet 
in  the  power  approach,  cruise  and  combat  config- 
urations and  at  38,000  feet  in  the  cruise  configura- 
tion. Dynamic  lateral  tests  were  conducted  with  the 
controls  free  and  with  the  pilot  attempting  to  re- 
duce the  oscillations  as  rapidly  as  possible.  Tests 
were  also  conducted  with  the  yaw  dampers  "Off" 
and  "On”.  Dynamic  directional  tests  were  conducted 
with  the  controls  free  and  the  yaw  damper  "Off” 
and  "On”. 

The  dynamic  lateral  directional  stability  with 
the  yaw  damper  operative  and  working  properly  is 
excellent.  The  directional  oscillations  produced  by 
abruptly  displacing  the  rudder  are  damped  within 
one  cycle.  Experience  during  the  Phase  11  tests  indi- 
cates that  proper  operation  of  the  yaw  damper  may 
be  a source  of  difficulty.  Twice  during  the  program 
a malfunctioning  rate  gyro  had  to  be  replaced. 

The  dynamic  lateral  and  directional  stability 
with  the  yaw  damper  off  is  unsatisfactory  through- 
out the  entire  speed  range.  The  time  for  the  damp- 
ing of  the  Iaterai-direcliouol  oscillations  is  exces- 


sive. In  smooth  air  when  the  rudder  is  displaced, 
directional  oscillations  are  not  completely  damped 
after  three  cycles  and  show  no  tendency  to  damp 
at  all  under  slightly  turbulent  air  conditions.  With- 
out the  use  of  the  yaw  damper  the  lateral-direc- 
tional  stability  characteristics  of  the  F-101A  detract 
from  the  airplane’s  capabilities  as  a gun  platform. 
The  multi-purpose  functions  of  the  F-101A  make  a 
properly  working  yaw  damper  a necessity. 

Damping  of  lateral  disturbances  was  executed 
by  leaving  the  controls  free  (which  for  an  irrever- 
sible system  is  the  same  as  a control  fixed  test)  and 
also  with  the  pilot  attempting  to  damp  out  the  dis- 
turbance as  quickly  as  possible.  The  sensitivity  of 
the  aileron,  especially  in  the  speed  range  from  .75 
to  .9  Mach  number,  allowed  the  pilot  to  overcontrol 
and  induce  a violent  lateral  oscillation.  A graphic 
example  of  this  is  shown  in  Figure  82,  Appendix 
1.  Lateral  disturbances  were  most  quickly  damped 
by  releasing  the  control. 

■ static  directional  stability 

Static  directional  stability  of  the  F-101A  war.  quan- 
titatively investigated  in  ihe  power  approach  config- 
uraton  at  12,500  feet  and  in  the  cruise  configuration 
at  16,000  feet  with  and  without  the  yaw  damper  op- 
erative. Static  directional  stability  was  also  investi- 
gated qualitatively  throughout  the  speed  range  of  the 
aircraft  but  no  quantitative  data  was  obtained  be- 
cause of  instrumentation  malfunctioning  and  unre- 
liability. The  static  directional  stability  is  positive. 
No  differences  were  discernible  with  or  without  the 
yaw  damper.  Only  small  angles  of  sideslip  are  attain- 
able because  of  the  high  rudder  forces.  The  results 
of  this  test  are  presented  in  Figures  119  through  122, 
Appendix  I. 

For  single  engine  operation,  or  single  engine 
afterburner  operation,  directional  control  cannot  be 
maintained  without  the  use  of  rudder  trim  because 
of  the  high  rudder  forces.  This  deficiency  could 
severely  hamper  target  tracking  during  combat, 

■ lateral  control 

The  lateral  control  of  the  F-101A  is  unacceptable 
and  is  considered  to  be  one  of  the  serious  deficiencies 
of  the  aircraft.  Throughout  the  entire  speed  range 
of  the  aircraft  the  ailerons  are  too  sensitive.  This 
sensitivity  is  most  pronounced  in  the  speed  range 
from  .75  to  .90  Mach  number.  In  this  speed  range, 
the  ailerons  are  too  effective  for  a given  stick  dis- 
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placement.  As  was  brought  out  in  the  Dynamic- 
lateral  Stability  discussion  it  is  very  easy  for  the 
pilot  to  induce  violent  lateral  oscillations.  This  is 
especially  true  in  turbulent  air.  Releasing  the  stick 
will  stop  the  oscillation.  1'he  cruise  speeds  of  the 
aircraft  are  within  the  .75  to  .90  Mach  number  range 
and  for  all  practical  purposes  the  aircraft  will  per- 
form its  assigned  mis.  ■ fying  to  and  from  the 
target  areas  in  this  speed  range.  Formation  flying 
will  become  difficult  and  instrument  flying  a haz- 
ard. The  lateral  sensitivity  within  the  speed  range 
from  .90  Mach  number  to  V„10,  does  not  present  any 
safety  of  flight  problem;  however,  the  lateral  control 
can  be  defined  as  marginal  to  satisfactory.  In  the 
speed  range  below  .75  Mach  number  the  lateral  con- 
trol, while  not  as  sensitive  as  in  the  cruise  range,  is 
still  unsatisfactory.  At  these  lower  speeds  the  most 
difficulty  will  be  encountered  in  gusty  winds  from 
the  initial  approach  to  the  down  wind  leg  of  the 
landing  pattern.  The  sensitivity  of  the  lateral  con- 
trol will  cause  the  pilot  to  overcontrol  and  an 
exceptionally  large  pattern  will  result. 

Aileron  rolls  were  performed  in  cruise  and  com- 
bat configurations  at  35,000  feet  and  in  the  cruise 
and  power  approach  configuration  at  16,000  feet. 
No  full  deflection  aileron  rolls  were  performed. 
Aileron  deflections  for  the  Phase  II  tests  were  re- 
stricted to  10  degrees  up  to  500  knots  IAS  and  to 
five  degrees  of  aileron  deflection  above  500  knots 
IAS.  The  limitation  on  aileron  angle  at  high  speeds 
was  made  pending  the  completion  of  static  tests. 
Rolls  were  restricted  to  45  degrees  of  bank  until 
the  inertia  coupling  problem  could  be  fully  investi- 
gated by  the  contractor.  All  rolls  were  performed 
with  the  yaw  damper  "'on”  and  repeated  with  the 
yaw  damper  "off”.  The  most  noticeable  amount  of 
adverse  yaw  for  the  aileron  rolls  performed  occurred 
at  38,000  feet  at  .84  Mach  number  with  the  yaw 
damper  off.  The  yaw  build-up  was  constant.  It  is 
very  difficult  to  overcome  adverse  yaw  because  of 
the  high  rudder  forces.  Aileron  rolls  performed  at 
36,000  feet  and  1.35  Mach  number  indicated  very 
little  adverse  yaw.  The  data  for  the  maximum  allow- 
able aileron  rolls  is  presented  in  Figures  126  through 
141,  Appendix  I,  while  a summary  is  presented  in 
Figures  123  through  125,  Appendix  I.  Although  no 
full-deflection  aileron  rolls  were  performed  it  ap- 
pears by  extrapolation  of  the  available  data  that  the 
maximum  helix  angle  (pb/2v)  of  .09  will  be  met 
for  1.1  Vs,  and  minimum  combat  speed  as  defined 
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a adverse  yaw 

Adverse  yaw  tests  were  conducted  at  35,000  feet  in 
the  cruise  and  combat  configuration.  Tests  were 
pcrforincu  with  iiie  yaw  uaaijjci  Ou  ami  On.  The 
aircraft  was  trimmed  in  a steady  45  degree  Hnk 
and  then  maximum  allowable  aileron  deflection  was 
applied  with  the  rudder  pedals  free.  The  maneuver 
was  repeated  with  rudder  coordinated.  The  angle 
of  sideslip  developed  during  these  rolls  appeared  to 
be  less  than  three  degrees,  but  the  instrumentation 
used  to  indicate  sideslip  was  unreliable  and  gave 
erratic  readings.  No  differences  between  the  sideslip 
angles  developed  with  the  yaw  damper  on  or  off 
were  apparent  with  the  small  angles  of  sideslip  de- 
veloped. The  adverse  yaw  data  is  presented  in  Fig- 
ures 142  through  145,  Appendix  1. 

■ stall  characteristics 

Approaches  to  a stall  were  performed  at  16,000  and 
35,000  feet  in  the  clean  and  landing  configurations. 
No  complete  stalls  were  performed  as  the  contractor 
has  not  yet  investigated  this  region.  When  conduct- 
ing approaches  to  a stall  in  the  cruise  configuration 
(clean  airplane),  at  35,000  feet  and  a gross  weight 
of  32,400  pounds,  the  aircraft  began  to  buffet  at 
approximately  225  knots  IAS.  The  stall  approach 
was  continued  on  down  to  185  knots  IAS  at  which 
point  the  left  engine  compressor  stalled.  The  onset 
of  initial  buffet  is  delayed  at  lower  altitudes  and 
lighter  weights.  At  an  altitude  of  16,000  feet  and 
a gross  weight  of  32,750  pounds  (clean  airplane), 
the  initial  buffet  was  encountered  at  180  knots  IAS. 
In  the  landing  configuration  at  16,000  feet,  initial 
buffet  occurs  at  approximately  170  knots  IAS  and 
at  2400  feet  initial  buffet  occurs  at  155  knots  IAS. 
Stall  approaches  were  continued  down  to  approxi- 
mately 125  knots  IAS,  where  they  were  discontinued 
because  of  severe  buffet  and  the  extreme  lateral  sen- 
sitivity of  the  aircraft.  Adequate  lateral  control  is 
present  at  the  initial  buffet,  and  touchdown  speeds 
should  be  kept  just  within  the  initial  buffet  bound- 
ary; i.e.,  approximately  140-145  knots  IAS.  Because 
of  the  lateral  control  sensitivity  in  all  configurations 
it  is  impossible  to  keep  from  overcontrolling  and  to 
prevent  the  aircraft  from  dropping  off  on  a wing. 
It  is  the  pilot’s  opinion  that  if  it  were  not  for  the 
stall  being  aggravated  by  the  lateral  sensitivity,  the 
aircraft  would  stall  straight  ahead.  Stall  recovery  is 
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mining  airspeed  tc  increase.  Buffet  is  present  during 
the  stall  recovery  up  to  the  point  where  it  was  ini- 
tially encountered.  Power-oif  stall  recovery  ran  be 
accomplished  with  approximately  5000  feet  loss  of 
altitude.  Bv  advancing  the  throttle  to  full  power, 
stall  recovery  can  easily  be  made  with  approximately 
2000  feet  loss  of  altitude. 

Accelerated  stalls  are  considered  satisfactory  in- 
asmuch as  aircraft  buffet  is  similar  to  that  found  in 
other  swept  wing  aircraft;  however,  the  buffet 
boundary  is  small  and  there  is  very  little  buffet  be- 
fore a slight  pitchup  and  wing  drop  occurs.  Wing 
drop  may  occur  in  either  direction.  Stall  recovery 


is  made  by  releasing  stick  back  pressure.  Accelerated 
stall  approaches  were  discontinuea  when  engine 
compressor  stalls  occur  red  At  10.000  feet  in  the 
cruise  configuration  and  power  for  Vmnl  range  (.77 
Mach  number),  engine  compressor  stalls  occurred 
at  normal  acceleration  of  2.8  g.  At  40,000  feet  in  the 
cruise  configuration  and  power  for  V,,,,,*  range  (.82 
Mach  number),  engine  compressor  stalls  occurred 
at  normal  acceleration  of  3 to  4 g.  In  the  landing 
configuration  at  10,000  feet  and  230  knots  IAS, 
compressor  stalls  occurred  at  1.8  g.  Time  histories 
of  stall  approaches  are  presented  in  Figures  146 
through  153,  Appendix  I. 


CONCLUSIONS 


■ he  F-101A  aiiplcne  is  unacceptable  for  service  use  because  of  its  compara- 
tively poor  high  altitude  performance,  restricted  maneuverability  due  to 
engine  compressor  stalls  under  accelerated  flight  maneuvers,  and  lateral  control 
sensitivity. 

The  rate  of  climb,  maximum  level  flight  speeds  and  acceleration  charac- 
teristics are  excellent.  The  range  Co.  abilities  of  the  F-101A  with  the  present 
bleed  valve  schedule  are  13%  less  than  the  predicted  values.  The  range  can 
be  increased  by  6.5%  however,  by  lowering  the  engine  bleed  valve  schedule 
to  insure  closed  bleed  valve  operation  during  cruise  conditions. 

The  lateral  control  handling  characteristics  are  unsatisfactory.  The  lateral 
control  is  too  sensitive  throughout  the  entire  speed  range.  This  is  most  pro- 
nounced in  the  cruise  region  making  formation  flying  difficult  and  instrument 
flying  a hazard, 

The  longitudinal  control  handling  characteristics  with  the  artificial  feel 
total-pressure  flush  tube  pick-up  located  on  the  leading  edge  of  the  vertical  fin 
are  good  throughout  the  entire  speed  range  with  the  exception  of  approach 
speeds  where  the  light  stick  forces  are  marginal.  The  longitudinal  control  han- 
dling characteristics  with  the  pick-up  located  on  the  left  side  of  the  vertical  fin 
are  satisfactory  at  approach  speeds  but  unacceptable  at  high  speeds  because  of 
a longitudinal  stick  shake  existing  at  .95  Mach  number  and  above. 

The  dynamic  lateral-directional  stability  with  the  yaw  damper  working 
properly  is  excellent,  but  is  unsatisfactory  with  the  yaw  damper  inoperative. 
Directional  control  was  adequate  for  normal  flight  operation;  however,  for 
single  engine  operation  or  single  engine  afterburner  operation  rudder  forces 
are  too  high  to  maintain  directional  control  without  utilizing  rudder  trim. 
Rudder  forces  are  excessive  for  all  taxiing,  ground  handling  and  flight  maneu- 
vering. 

The  maneuvering  flight  capabilities  of  the  F-101A  in  the  supersonic  speed 
range  up  to  altitudes  of  45,000  feet  are  excellent.  Maneuvering  flight  capabili- 
ties in  the  subsonic  range  are  less  than  those  of  the  F-1Q0.  Maneuvering  flight 
is  seriously  affected  at  all  altitudes  in  the  subsonic  speed  range  by  engine  com- 
pressor stalls  under  positive  loads  of  2.5  to  4 g.  This  deficiency  reduces  tactical 
effectiveness  of  the  aircraft  as  an  air  superiority  fighter.  This  problem  also  exists 
during  supersonic  maneuvering  at  altitudes  above  35,000  feet  under  3 to  4 g 
loads.  To  successfully  maneuver  above  50,000  feei  the  F-101A  will  have  to 
maintain  supersonic  flight. 

Engine  performance  is  considered  unsatisfactory  because  of  the  previously 
mentioned  engine  compressor  stalls,  failure  of  the  afterburner  nozzles  to  remain 
dosed  during  normal  non-afterburning  operation,  erratic  bleed  valve  operation 
and  inability  to  relight  the  afterburner  at  45,000  feet. 

The  F-101A  can  be  developed  into  a good  multi-purpose  fighter  by  cor- 
recting the  lateral  control  sensitivity,  eliminating  engine  compressor  stalls  en- 
countered in  accelerated  flight  maneuvers  and  improving  the  high  altitude 
performance. 


RECOMMENDATIONS 


The  following  items  make  the  F-IOIA  aircraft  unsatisfactory  for  serv- 
ice use.  It  is  recommended  that  a study  be  made  and  action 
taken  to: 


Increase  the  altitude  capabilities  of  the  aircraft. 

Improve  the  lateral  control  by  decreasing  the  lateral  control  sensitivity 
throughout  the  speed  range. 

fciiminate  the  engine  compressor  stalls  encountered  under  accelerated 
flight  maneuvers. 


It  is  recommended  that  the  following  improvements  and  changes  be 
incorporated  in  production  aircraft  as  soon  as  possible: 


The  erratic  engine  bleed  valve  operation  be  improved. 

The  afterburner  nozzles  be  redesigned  to  insure  proper  closing  and  to 
prevent  them  from  drifting  open  while  in  flight. 

The  afterburner  blowouts  encountered  above  SO,OCO  feet  and  during 
accelerated  flight  conditions  be  eliminated. 

The  rudder  forces  be  decreased  at  least  50%  for  both  ground  and  air 
operations. 

Throttle  quadrant: 

The  throttle  handgrips  be  reduced  in  size. 

The  spring  in  the  speed  brake  opening  switch  be  eliminated 
and  the  switch  be  relocated  to  conform  with  natural  thumb 
operation. 

A push-type  microphone  button  be  installed  on  the  throttle  to 
be  utilized  in  conjunction  with  a two-position  antennae  selector 
switch  located  elsewhere  in  the  cockpit. 

A minimum  detent  or  latch  be  installed  on  the  throttle  quadrant 
for  afterburner  operation. 

The  throttle  friction  lever  be  relocated  outboard  of  the  left 
throttle. 

The  nose  wheel  steering  "engage"  button  be  moved  to  the 
stick  grip. 

A more  practical  control  for  the  take-off  "AUX"  position  be 
incorporated.  (A  single  push-type  button  that  would  engage 
both  take-off  locks  would  be  sufficient.) 


The  nose  wheel  centering  characteristics  be  improved. 

The  canopy  electrical  actuation  be  redesigned  to  enable  the  pilot  to 
Avjgn  rlrtco  ths  csficpy  ct  si!  times  cf  ncsc  position 

The  consoles  be  elevated  approximately  three  inches  and  $!,ted  inward 
an  additional  five  degrees. 

The  hydraulic  pressure  indicating  system  be  modified  to  indicated  fail- 
ure of  individual  hydraulic  pumps. 

The  stabilator,  rudder  and  aileron  trim  lights  be  incorporated  into  a 
single  trim  light. 

The  speed  brake  "open"  warning  light  be  relocated  to  the  forward 
panel  so  that  it  is  in  line  with  the  pilot's  normal  line  of  vision. 

The  noise  level  of  the  landing  gear  warning  buzzer  be  reduced  by 
approximately  one-third. 

The  emergency  wheel  brake  control  be  relocated  to  the  left  side  of  the 
panel. 

To  provide  for  quick  and  accurate  determination  of  trim  conditions, 
consideration  should  be  given  to  interchanging  the  position  of  the 
needle  and  ball  instrument  with  the  rate  of  climb  instrument. 

The  cockpit  pressurization  be  developed  to  provide  satisfactory  service 
when  utilizing  normal  pressure  differentia!  (5  psi). 

Yaw  dampers  be  installed  on  all  production  aircraft. 

The  overshoot  in  the  lateral  trim  be  eliminated. 

The  longitudinal  trim  rate  be  increased  approximately  25%. 

The  clanking  in  the  nose  wheel  well  during  taxi  operations  be  elim- 
inated. 

For  night  operations; 

The  distribution  of  the  forward  panel  lighting  be  improved. 

The  objectionable  canopy  glare  and  reflections  be  eliminated. 
The  landing  lights  be  readjusted  downward. 

The  provisions  for  emergency  landing  flap  extension  be  removed. 

A yaw  string  be  installed  on  all  production  aircraft. 

Anti-ieing  provisions  be  installed  on  the  inlet  ducts  of  the  airframe. 

A support  be  incorporated  in  the  seat  cushion  for  the  pilot's  parachute. 


It  is  recommended  that  a study  be  initiated  to  determine  means  of: 


Improving  the  engine  inlet  ducting  to  eliminate  engine  compressor  stalls. 

Improving  the  reliability  of  the  rate  gyro  in  the  yaw  damper. 

Eliminating  the  noxious  fumes  which  are  present  from  time  to  time, 
especially  shortly  after  coming  out  of  afterburning. 

Eliminating  or  reducing  the  aggravating  airframe  buffet  that  occurs  at 
sipproximately  .90  indicated  Mach  number  under  unaccelercted  flight 
conditions. 

Decreasing  the  wide  buffet  boundary  encountered  in  the  landing  con- 
figuration prior  to  stall. 

Eliminating  the  rudder  "kick"  at  285  knots  IAS  caused  by  the  change 
over  in  the  rudder  force  feel  system. 

Improving  and  prolonging  tire  life. 
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■ IntroductSon 


This  section  briefly  summaries  the  methods  of  data  reduction  vised  in  ana- 
lyzing the  test  data. 

s raferenees 

The  following  publications  will  be  referenced  in  the  discussion  on  data 
analysis: 

1.  "Flight  Test  Engineering  Manual,”  AF  Technical  Report  No.  6273. 

2.  Pressure  Altitude  Method  of  Flight  Test  Data  Reduction,"  AMC  Memoran- 
dum Report  No,  TSFTE-2060. 

3.  "A  Method  of  Determining  Delta  Rate-of-Climb  for  Turbo-jet  Powered  Air- 
craft,” AMC  Memorandum  Report  No.  MCRFT-2157. 

4.  "Standardization  of  Take-off  Performance  Measurements,”  AFFTC  Technical 
Note  R-12. 

5.  "Specification  No.  A-1665,  J57-P-13  Turbo-jet  Engine,"  Pr3tt  and  Whitney  Air- 
craft, dated  15  October,  1952. 

6.  Preliminary  Operating  Instructions  XJ57-P-13  and  YJ57-P-13  Engines,  dated 
1 January  1954  revised  1 March  1955. 

7.  "Memo.  No.  EAFB-365,”  McDonnell  Aircraft  Corporation,  dated  25  March, 
1955. 

8.  "Model  F-101A  Summary  of  Estimated  Aerodynamic  Data,  MAC  Report  No. 
3683,”  McDonnell  Aircraft  Corporation,  dated  16  September  1954. 

a daid  analysis  methods 

Take-offs:  Take-off  data  was  obtained  for  maximum  power  by  use  of  the 
AFFTC  photogrid  facility.  Test  ground  and  air  distances  and  speed  were  obtained 
from  time  history  plots.  This  data  was  then  reduced  to  standard  day,  sea  level, 
no-wind  conditions  by  methods  outlined  in  references  No.  1 and  4.  The  standard 
day  thrust  value  of  1 1,920  pounds  per  engine  was  used  for  brake  release.  This  value 
was  arrived  at  as  the  thrust  that  would  be  obtained  with  the  engine  trimmed  to  the 
tail  pipe  exhaust  gas  pressure  (P,T)  that  would  fall  in  the  center  of  the  trim  toler- 
ance (*0.5''Hg)  on  trim  curves  from  reference  No.  6 and  7,  and  for  an  average 
over-shoot  condition  of  1.5"Hg.  The  thrust  figures  were  determined  from  thrust 
calibrations  of  the  tail  pipe  pressure  probes  made  on  the  AFFTC  Universal  Thrust 
Stand.  Thrust  calibrations  are  presented  in  Figures  21  through  26,  Appendix  1. 

Climb:  All  climb  data  was  reduced  to  the  rate  of  climb  shat  would  have  been 
obtained  under  standard  NACA  day  atmospheric  conditions  using  maximum  or 
military  power  as  the  case  may  be,  for  climb  speeds  used  during  the  test  program. 
The  methods  used  for  data  reduction  are  outlined  in  References  No.  1 and  3.  Thrust 
data  for  these  corrections  was  obtained  from  Reference  No.  5.  The  derivation  of 
the  method  of  correction  is  outlined  in  Reference  No.  3.  A plot  of  F„/3l2  vs. 
"/oN;/\/T,  was  made  from  reference  No.  5,  where  100°/oN-,  was  equal  to  9975 
rpm.  This  plot  was  worked  up  in  terms  of  "/oN.  rpm  because  each  engine  delivers 
rated  thrust  at  a different  rpm(Nj).  It  was  assumed  then  that  each  engine  would 
deliver  roughly  the  same  thrust  at  the  same  value  of  °/oN.  rpm.  Since  the  fuel 
control  unit  of  the  J57-P-13G  engine  maintains  a predetermined  engine  rpm (N=) 
with  respect  to  compressor  inlet  temperature  it  was  necessary  to  determine  this 
schedule.  The  data  appears  in  the  form  of  a rpm-bias  curve  in  Figures  15,  16,  and 
17,  Appendix  I.  Data  from  military  and  maximum  power  climbs  and  level  flight 
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do  not  form  a single  curve  because  of  a temperature  lag  that  results  from  high  rates 
of  climb.  The  rate  of  climb  for  military  power  climbs  was  corrected  to  the  rpm 
that  would  have  been  obtained  on  a standard  day  at  the  test  day  Mach  numbers. 
The  rpm-inlet  temperature  schedule  for  military  power  climbs  was  determined 
from  Figure  16,  Appendix  X.  Standard  day"/oNL.  rpm  are  presented  in  Figure  2. 
One  hundred  percent  rpm  is  that  rpm  obtained  with  the  engine  trimmed  to  the 
tail  pipe  exhaust  gas  pressure  (P,T)  that  would  give  rated  thrust  at  sea  level  and  a 
compressor  inlet  temperature  of  15 "C. 

Thrust  correction  for  maximum  power  climbs  were  also  determined  from 
reference  No.  5.  However,  because  there  were  no  afterburning  estimated  curves 
of  thrust  versus  true  spee-'  f :r  parameters  of  engine  rpm  available,  thrust  correc- 
tions were  made  by  reference  to  die  curves  of  Estimated  Effect  of  Ambient  Tem- 
perature on  Thrust  by  use  of  the  following  relationship: 


I F"k~  I 

/ F„, 

/ F"“  ) F..„ 

L 1 

V F„  at  59°  F/ 

' F„  at  59°  F/ 

1 L v f„.  ) J 

where: 


— — %>  net  thrust  at  test  day  temperature 

FMat59°F 

p 

lb — °/o  net  thrust  at  standard  day  temperature 

F„  at  59°  F 

F,,,  r=  standard  day  net  thrust  at  test  day  Mach  number,  lb 

F„t  = test  day  net  thrust  at  test  day  Mach  number,  lb 

AF„  r=  net  thrust  on  a standard  day  minus  net  thrust  on  a test  day,  lb 

Standard  weights  and  standard  rates  of  climb  were  then  determined  from  stand- 
ard day  fuel  flow,  times  to  climb  at  test  weight  and  the  weight  correction  equa- 
tion presented  in  Reference  No.  1. 

Standard  day  exhaust  gas  temperatures  were  determined  from  a working  plot  of: 
Tt?,  / e%  vs.  N,t 

by  entering  the  plot  at  the  actual  test  point  and  moving  parallel  to  the  curve  to 
the  values  of  standard  day  corrected  rpm,  Nss  / ^ 8U  and  reading  the  values  for 
standard  day  corrected  exhaust  gas  temperature,  J 0t.A^ 

Standard  dry  exhaust  gas  temperature  is  then: 

T-.  = ( T-.  / \ ) 


X 


Corrections  to  fuel  flow  were  made  in  a similar  manner  from  working  plots  of: 


W'.  / Sf,-,  \/  ®i2,  vs-  N-,  / > 

where: 

Nl.  = rotational  speed  of  high  pressure  rotor,  rpm 
T,.  = exhaust  gas  temperature,  “K 
W[  engine  fuel  flow,  lh/hr 
0,„  Tt„/Tsi.  inlet  temperature  ratio 
8,„  = P,„/P  s: .inlet  pressure  ratio 
T = Temperature,  °K 
P — Pressure,  "Hg 

The  subscripts  t and  s refer  to  test  and  standard  conditions.  The  subscript  tL>  refers 
to  total  engine  inlet  conditions. 

Maximum  Speeds:  A correction  factor  of  .01  Mach  number  change  for  a 1°C 
change  in  ambient  air  temperature  was  applied  to  test  day  supersonic  Mach  num- 
bers to  obtain  standard  day  Mach  numbers  attainable.  This  correction  factor  was 
derived  from  experience  with  other  supersonic  aircraft.  The  limited  flight  time 
for  the  Phase  II  test  program  prevented  gathering  enough  supersonic  data  to  deter- 
mine a more  exact  correction  that  could  be  applied  to  the  F 101A.  It  is  believed 
that  this  correction  may  be  a little  too  low.  Weight  corrections  were  made  with 
the  aid  of  estimated  data  from  Reference  No.  8.  To  determine  maximum  or  mili- 
tary rated  rpm  for  standard  day  conditions  it  was  necessary  to  estimate  the  maxi- 
mum attainable  Mach  number  under  standard  day  conditions  which  in  turn  would 
determine  the  standard  day  compressor  inlet  temperatures.  The  standard  day  max- 
imum and  military  rpm  could  then  be  determined  from  the  level  flight  rpm-bias 
curve.  The  actual  test  data  was  used  in  going  from  test  day  rpm-temperature  to 
standard  day  rpm-temperature. 

Cruise  Data:  All  level  flight  data  was  obtained  in  stabilized  level  flight  and 
by  flying  at  a constant  weight/pressure  ratio  {W/8„ ) to  minimize  weight  correc- 
tions. The  methods  of  data  reduction  are  outlined  in  Reference  No.  1.  Weight 
corrections,  for  the  most  part,  were  small  and  were  made  by  applying  the  correc- 
tion factor:  AN/V^u/AW/S,,  as  outlined  in  Reference  No.  1.  Fuel  consumption 
data  was  corrected  to  the  fuel  consumption  that  would  be  realized  under  standard 
day  conditions  and  standard  W/S„,  assuming  a constant  Mach  number  from  test 
to  standard  day. 

Landings:  Performance  landings  to  determine  the  distance  required  to  clear 
a fifty-foot  obstacle  and  come  to  a stop  were  recorded  on  the  AFFTC  photogrid. 
The  two  landings  performed  were  not  brought  to  a complete  stop  and  it  was 
necessary  to  make  a time  history  plot  of  velocity  from  the  time  history  plots  of 
test  ground  and  air  distance  to  determine  the  airplane’s  deceleration  along  its 
ground  roll.  Test  day  data  was  corrected  to  standard  NACA  atmosphere,  sea  level, 
no  wind  conditions  by  equations  presented  in  Reference  No.  1. 

Airspeed  and  Altimeter  Calibration:  The  test  nose  boom  airspeed  system  and 
the  ship’s  airspeed  system  were  calibrated  in  the  clean  and  landing  configurations 
by  pacer  aircraft  up  to  the  maximum  speeds  attainable  by  the  pacer  and  through 


the  "jump”  region  by  accelerating  and  decelerating  past  the  pacer.  This  latter 
method  was  carried  out  by  the  F-101A  flying  on  a contrail  formed  by  the  pacer 
flying  at  a constant  airspeed  and  constant  altitude.  A plot  of  Ap/qi(.  vs  Mk.  was 
made  from  this  data  and  correlated  with  the  pacer  calibration  to  obtain  the  dash 
line  shown  in  Figure  18,  Appendix  I. 

Temperature  Probe  Calibration:  The  variation  of  indicated  free  air  temper- 
atute  with  airspeed  was  found  from  the  pacer  calibration.  The  temperature  probe 
recovery  factor,  K,  evaluated  from  the  test  data,  was  found  to  be  approximately 
.94.  The  expression  for  determining  the  probe  recovery  factor  is: 


The  ambient  air  temperatures  used  for  climb  data  reduction  were  determined 
from  radiosonde  data  furnished  by  the  Edwards  Air  Force  Base  Weather  Station. 
This  data  is  presented  in  Appendix  III.  Indicated  free  air  temperatures  recorded 
during  the  check  climbs  showed  a temperature  lag  that  varied  with  the  rate  of 
climb  and  climb  speed.  Indicated  free  air  temperatures  ree.orded  during  stabilized 
level  flight  were  in  agreement  with  radiosonde  data.  Compressor  inlet  tempera- 
tures were  calculated  from  ambient  air  temperatures  for  a temperature  recovery 
factor  of  K equal  to  1.0 

Static  Thrust  Calibration:  Static  thrust  calibrations  were  made  on  each 
engine  operating  alone  in  afterburning  and  non-afterburning  and  with  both 
engines  operating  together  in  non-afterburning.  The  methods  of  data  reduction 
are  outlined  in  Reference  No.  1.  Static  thrust  calibrations  are  presented  in  Fig- 
ures 21  through  24,  Appendix  I.  The  exhaust  nozzle  pressure  probes  (P,7)  con- 
sisted of  four  probes  manifolded  together.  The  pressure  readings  were  recorded 
on  a single  sensitive  manifold  pressure  gage.  The  probe  calibration  data  is 
presented  in  Figures  25  and  26  of  this  Appendix. 


!!!i!IIS}!S!>  ' I ,■!!■>!■■!•■■ 

■ |hImimIiii>>'  

1^25  3 53  33  3. 5.535:  *-«*---■  .•■i...BB..a.Bfc 

^ •?scs:t5ss:s:s:s;:|c::;s:s:::s:5:r . |:::::*:::::::::::::::::::::::::::'j::::::::":  ;:u: 

' **■*";;;!! jllSSSS^tlSSSS!!!!*””?^  •5S»»:533S.35:33S53:St:SIS!SSSSSSaS5:3SS!3|3533|.a..  jjJfS 

3:....... ..3......  skssIss g:»:sssu sssa rsssssssr^* .usUsS 


IHSiiiiil 

.araaaaaB««a....»a  a». ...am. ■ 

iliiilijjjlliUfewilliiUSlitll-i-i 

>•**•*!>■■■■>■>■'•(  »»  I....... »*««•%•■■■ • 


HUIiHuillMni' 

•>  *»  •■5225555  j!5533 

liiiiliitiMiuilii  . -I 

liiS'llSilllHlH"-*1  ......  .......I 


■ a. ......  ■■  • ........ 

........... 

jLSiiiHii':  i:: ! 


iSSS3t3*!!SSS*S'V~  j «•  *?H.  ^ 


SSSai>M.Mail.lU>MM 



SS.i.iiga. a 

aaaaaa 

-I----------- -hi.  . ......... 


■ a.ajita.aiai 


-urt! 


5 JSIKhritB^ 

..... r--B 

.......... ....... 

• a a...... ...... ■ •■■■■ 

k kw! 


■a... ...... ........ 

laiaaaaaaaiaaaaiB.il 


i333>  --  a.inai..*.* 

it.aaia  «aaal.a..i 
.....a'  ..aaiM.a.a 

I ..53.  ■>.■■.»•••. 

'IBliIfnHIIIillpisHtHii! 

.....  y 4 ..  . . . a.  . . . a ■ ..  ...  a ■ ....  . ....  ... 

335335..  a!!i!aii!!r •33333133!  135!lJl5iS.5»!I?i*S 3S. '!»!!■  SIS.S!!!" nS!5»»5!5! 5»» .£555E5»] 

iliiili:  illliiiii 


.........................  .iJSSSSaSSSSS!!! 

... ..si* 

■ a.  • * 

■a .iia>>. 

...... ...a...... ...*■>> 



»£»;»»E£siniiii:|in!§!i;£h:  jiilliii}i|»i!ii!iiii!;ij!jjinii 
::::::::: 

-'iI!iii!l!iin!i!ilUi!!UII!iiii!::r 'iiiUiiiiiiiililmiislllliiiiiL 

.........  va.. ......  ...I 


.»  ..•iaai.a»Mai».»pa»aMi»jaaji.a«| 

3333335.  « Miamaa.aaHj  a.  ■••B 
a i..aalail  ..■■>  ■•>»•■•)  £ 3U‘3I3S!B 

_j.aiaia.aam.ai aaa.a r a a# b J ■ * ■ 


SEKS«ii8E$«! 

1 ....... a ........■■■....a  aaiM<MMam»  — ' 

u.uat  aa«. aaa.a.... ..a  a. . 

iS5..3a  .t.ai.aiu.a.aia  ■■iiaUMgiiaa  £ 

I.....I  a -..aia.a.ainaa  f 

:ss»s.::.issvintiiii5il5K»KSS»^^ 


- *»■>■■■*»***■■  ■*•**■•••**  *”  — ■ ” ” j Si  ..a  a...  ......... ......  ■ • .........  ...i « 

iiili............ ■■■■..  iW.  .■.aaaaaai. ■•;■■■■■■•>  •■■■■■  ...... 

•■■■  aa............B..aaam* 


a...  


n i.ia.iaaga... aa.a......> 

■a  . a. aaaaaa. aa. .a 

^ssBs:s:s»ianisa:i:::R:::::'*: 

aaf aaaaa .......... aaiB.Biaaaaa 


!aa!SS!!)a|aiaiaiaai|a!jaaaaaaaa  '!IJ!!!II!S!!!!3!!!Il!i!!!a“!!!!* 

sssdSahijisin-i'irisrH'SHiiiiiSiiSiSiS::::  "Sis: 


_ - 1 . 1 ........... ....... ..........a. 

-- ...a. ...... .a... *.■■*■■■ - 


''553*'*  !33S".3533S.»S.«.«3. . 

.... a. a J.j ................ *2* 


* . — — — — — — — — - — — bbb  —1  nam.iaaBi.il a b * ya  j ^ ‘ ^ 

ItlahniaiaU  ;j 
a. aiimil.aaaj;  ■ 
*1.1 ...........  .1 


. ..,,«»:s:3::3:33S3333ES5Sjss5s:s3Sjj3.flu.....;  " . 

aiMaiaiiaua.ia>]aaltijnM.ljaaaBlll>miia» 


■ **’*  !*“■  '*  *•  .....i. a.*.... ...... !•«*»> 

""'“‘Kijlljssi  i:Sj::::i::{i:::ij!i!iii;!iij|:g{g|!l' 

?; ! i!!l!]!i!!i;!SHii|slll!!p 

| 


::: 


■ a aa.a.a.i.aia.a....kiaaaanua 



i : : ::::::::::: 

I":;::::  . :::!  


■ ..a...... 

i...l....a>  aaal 


I. ..........  »|  ..iaiai.i.M.ii...Ma»..aa. 

... ........  jii.aaaa...«.aBi.aaiMiiMjaa 


a aSai.aaa.aai 
a ........... 

a ... ........  .. 


-rvi 


....jiiiSrri 

I...  .........  ..a* 

lalaUMa 

Iskhiss  ::::: 

1.. ....... .....  >. « 

1.. aia...uiuiu._ia 
[...a.....  ...  - 

1. . .......  ...a!  a«v§ 

I. W>.«»  •»  a B . 

* s:s!i:i:t£ 


........ 

:::::::: 

. s:::::!S  !:.V2»a 

p ........  .. 

1 ........ 

a ....  ... 

! sss?  :: 

5.3SSSSSSS  •3  a1' ■ *S 

ss- -"issllsrsHEs:  sss: 
’ "Is:  ' 


. .a  laaiaa.aaaiiaii.aaMiiBia;;..- 


■ 13333333...  .. 

„ . , :s-;sj5cs:;=: 


Ml 



lull  • 1 . ..  lUiiiiuu 

■■■iaiaHI 



laaaaBBaiaaaai 

......a  . — 


!»? 


ra.B  ai  B — a.aaa 

I......... 

a. ■ ■ ■ ■ ■ 1 ■ a.. a .. . 

ra.aa  iim.aBMBiaaaaa 

III.. 



"JJJ  J555S3SS 


::::::: 


.....a ...... 1 

s:i:::s:ssRs:s:ss3:s 

SSISSSISSIS:::::::::: 


aaiiaaii'  .Praia. a. 

ll!!ll¥!l!lil!l!iiHil'  llisllii!  ibihIiKhihii-I 

-....a  - ...  .... 

}!!r 


■ ■....I  ... 

....... 

......  ....... 

..............a. 

• •■■a  : !!!SBS 


■ 

...... ........■..•••I 

... ■ ■ » ■ a a . . . m a.... 


:::::  s;”:;:'::::!:::::::::::: 
::::::  8— 

......  ..... 

■ ■23a.  ....... 

, .issss*  siu::r:::::sf:!s:::s;? 

: 55=2552  


.......■■I. .......... 


! :::h:s 


u::::::::::::;. '.........ssss. 

I!*:.: 

I..... ......a  ..aw..  ......... a **?**?■ 


pi»iiia*Eiiitia.|*,|."n|',a''":":::: 

at. 

pgji.ail ..r...*........;  • JlJSSStS:! 

a .«»»... « ill. 


[.....■■■■a...... 


I .....  a.  I . a.. ......... 

!E:....E..aa. ... ....... ....«..«aa 

■ a.. ...Ml 


iiiiiii 

T:i::::3!|j{[|i:ji||:!{i|l(i '••niiiiiilfiliilsiiH'" * 


!3  Iiili  ; 

!•  ...... .Ball. >.■■■• 

IS  S3. ■■■■>. 


1 a.. .......... 

I:::::::.::...........,-....*-  - ssssssssssssssisi"" 


pa.B.aaaa  1 ..........  r^aw 


-■■PPlIHllPl.I.MIMPPIPfMPPHI 




■ a. 

!!j!!!:!Uj!i!i!:!!il 

...a.a.. 

•■■••■•■..■■■•...a... 

...a.. ...... 

a.... ......... ........ 


iiiiiliiiliiliiiiiljliHM 

■ ■■Ua.l.ia  ■■■  ..rtWWW 

aMMaaaaa|  ■■■...«ai.l.....i  ...»■■ 


a....... a ■ 

pilipi»£^i!H|i|i|iH!iiiiiii!!i»ii  ilHiiifi!!!  limits 

.a  ..........  .....  ..  I'*  '..anaa  .........  .......  - ■ 


iaa.... 

Slli!H!HMH:1!!r'-!U:!:«!!sll!!!!ll|l||[|Hli:!UllHlliriS?I! 


l!  

af»itmaaaiatMnii»aaiii;i 

mrsr  man  a a m a w a a a a a a . a a . . 
......a... ....a.... a ........ 

■ ■■.— r-a..  ......  ....  a.. ...... 

...a  .-naiiiaaailaaaaiuBM 
a.iiir-aa.iiiiB.aaiaa.lial 
..Ill 

.....  Pi  . an..  1.  ............. 


.... ir.  a.iia.a ...a.a. Blaalii 

.....  .1  . . r...  ..  ............. 

a. ..................aa 

iisiiiiiliiiSIUlS 

.a.a.aaiaaii.  .aaiaa 

.aaHaaiaaiiaa  aaBiaa 

■ in.  • p" ••  aaa.aaiaaa ■ aaaaa 

a.. aaaaa  .UIIMMiMI  55!!!! 


Attitude  * fe< 


:ns::l 


■KiiiiM 

immwwm 


is::;  I 


■ a ■ ■ • • a ■ • ■ i ■ ■ a a 


:sil:i 


pMiaiin  avail  a*  . 
(a  a aaaa»a|jaaiia  , 


...  aalaak,  I!!!?'  ■<■■■  ad  aa.aSaa*  . a I . ! !!!!  !!  ! 

f 


liaaaaiaaaaaa 


|::;:bs{c 

■aaaaaa)aai 

Kiaaaaaimaaami... 
laa  aaaauaaSiaiiaiaai 

!£!!■■■•■• 

• ■■aaaoaaiaiaiu 

...  a a a ■ a a a a a a a a a a a i a 

'aaaiSvaaiiaiaaaaaaaa 

<■•■•■• 


"liiilliii 


.’a’ 


*-  **'*'  **  ,*n 


FttTttttt??:::; 

iriKiHKKiKS 


- Jiaiaaaan 




a laaiaaaaaaa 
: :::::::::: 
11  aaaaaaaiia 
■ • iiiiaiaaafi 

liidlii 


aaaaaaaa •! 

ijSHsjijii 
<•••<’  ■■■■ 
— !::u%ks! 


a a a a a ■ a a a a a a a 
•aaiaiaiaiaia 


UUtU 

— ri::*fl««Ksss^;n 

j5>!*  uhmmhSM':; 

■liaaiili a.  aaaaa 


■■  aaaaaaaaili.aaBaaBaaBaaaBaa.aaaa 




Ta  a a a a a a a a a a a ■ aa 


aim.- 

Liiijpiili 

-JiHiiiilllilllilj 

»:: 

it:::::::::::::::;;:;:: 


hiiii  ssjSil  i i i!i!iiiilii!i!|ii!i8ii!!i« 

K 1 

'■■■•■■■■■■■•.■■•aaaBaSiaaaaJ. 




'•••■■aka.  . 


lllgj  gllllK»IIIjiiillfjgj|g«»i.-li 


■ J a|«a 

• -..fi.isSaa  miMaa 
jJJJJIiaaaa 


f.aaaa  ' aaaaaaa 

a a a a a i ■ a a a a a a a 

wan  - maaai 


wm 

IHusnsil 


■■■■MM),...  __ 

I!:::::::::::::;::::;::*: 

aMr 

::::::::::::  :;ss: 

"IKihis;:  j|!||>f -||, 

laaaaaaaaaapaaa I 

■ aiiaaaal 
a ■ ■ ■ a a I 

— -i.afiiiaa.af  I 

■ ■■IlIf.lM  | 


lliliiiliiSI 

I _ “ aaa.ai 




:H5 Sfssic  «» 

Isfe! 



I ■■■■aMMiiiii 


hiniaat  aaaa 
i.aaaaaaaaa n 

tta.a.aaai a. 
aaaaaa.it  it 
la.liimiai  III 
naif  mail)  aaa. 

.■aaBiaiiiaa 
•■•■■■••■•ai  a.  . 

■ Baiaaiaaaat  aaa 


ISIa 


■ a a a a ■ a ■■ a a a a a a 

...... •■■■aaaavaSaaa 

l akiaaaaaniaia 


===sass: 

■■■■aiaaa.a  •aiaaaai aaaa3i 


«= iiliiiiiliilliljiliilj: 

Waaii  aaaaaaa.  laaaaaaaiiiiSS!!!!!  }!!!!*!!!!  !!!!''W>a 


jaaiaaaaaaaaiaaaai 

if*r" 


j::::  ;;;;;;;; 

i'",a“:BfM?85:sss.::s!sn:sss?  ;ra|ssr 


la  aaa  aaaa  a 


■ . p a aaa  a a a a Bi 

laaaaaaaiatf. 


isr'V1 


«•  MMiaa*^— i 


■ ■■aaaaiiaamaiaaaaaaai 
. a a. a a ■ ■ ■ a aaaa 
’.Joan  aaaaa.  ■ 

iaaaiCitiiaaJaaaiaaa|.|VI 

|*.*aj»!i«a--^*Ba-iaaiaraai 


^3*  aaaaaaa aaa a a aaa 


. ‘‘■•in  •.■-iiii*'  i 

• -Jaaaaiap.  aaBaaaaa.a.aaaai 
» £}Ji;  £■•»■*  aaaaaaa  a taaataa 
aSj|a!!S’  * **■; 


'Hfriri!!!!!!!!!!!!!] 

"-r  ! 


-•aaanaiaaaSSal 
hiiiiii  aaai 
aaaaair.  aaai 


......  . 

* laMniaaiaaaa 

aaa;aaiiaiiaaaaaai>aMt’-'-~-~- 
aaiiiaiai|i>Mani}aK 


ik..  iianaaa  . iaaS!a<  \ aaa 


' aaa  ■laaainail 

MMMMa||laa>| 


■ ■■■iiaiaal 


v-y 


V:  -^7 


I ■ »»•■-;  -:  V ; ; 


i - Mli'UlV 

ISiiliViu!!!! 


E 

s:. ' 

uniiiiiiMSiiuati!  • 

liiSii 


nip 


lijlliL 

|£2wSiB«£U3SS 

liUllillimiMii!  =H!llli!!!Ulil!! 

. siisjflHafsiHssi  .uiuiuinn  s:l-  hi 


is:; 

.8  -S’ » 

:sh  mitem 

;ins 


5i!5S5HKsSnUssf|s 


K!?i!ssmlsii!« 


rfsSi!!i  ■!* 


s:itj 


IS  ns  <ii  i«SSSSSSSSsi 

b:k. 


iimissiiffl 


Ua.aa  ■•»*«»» 

ssiRiics:: 
is;:sss::  zur 

iiitSSSr-"  •!!? 

SBBKiah&flli 


!Vs  HHUJSSiflsji  '^i 


riSferilillil 


Util 


llppjsl 


i »ri 


...a.  -■■< 


iiKtiUnillllSl! 


mmm 


NrJ 


iiihiii 


nm\ 


IT 


ilHlllHlIllillMIIHIIIIUIh 

niiiiaiitiiliM" 

• mi ....  . ■■  ml,  ..  . ..... 

.II  .II  .-(ai  •all'  ■ • ' 'III! 


-(filer 

■iiiinmimuHm  ■■»<Mgttt?i!l!i!!!i*!!I.1.  -SS,  »,«■  i.iii  *>•■■  i.  u 

|i!hi!t;::::s::'''i!  «wl  tw 

ii  \2:!.  is;  >1 

Sjssssssrssssssssssxsssss.  *:«;  . • 'is: 

HUHHHldHHHlrfFS  -smmm 


• i aaaa. a. *■■...■•£•’ — ■ 


I ^1:1:! 

RMHMH.iii.i"" 

^SraKKH 

iiiiiuSnu::  inij-jai 

imitKai  mnuMi 


ifSilfp 

— MW*-  ... 

iiSsi  -vHUiiiniijHn:  ij  l i 


..  jllSi:  "I:::!:  :::::::::::::: 


ii^miiii  a a a a a »*  a w*  • 

1 1 I 

M'.aala.ailiallllllMIIIBI 


■ iii.aniiwMaa'iSfutiiiiMMiu;;;”;;  iaii.  •••••*■• 

ilHiHtiiK"'"”1  "!!!!!!!MII!IJli!IaIia'  •»';  «».«■*• 

illiliilililHliilHItll;, 


iiuaiuinaii  • *••••■ 
iinaiaiiiiaaii^iiiiii 

•iil&iiiiiiiiiijjiiiji 


Tr  tilt  iMffTTIinf  1 


iff  a*:i! 

••'•■'si 


mm 


in 


lil^aKKsai 

BSi  j'BiiHr 

'III 


is:: 

pvi|||  |h 


I aaiaamia  a p ■ . . ■ ■ . 


■ j ar, 3«| 

•5!:U??:  jdsfnsii-iUiR  s!KiSUi!!:5r:ai: 

!tn  !■»!!  ■ n SI  Jsl  SssSa 

r-iHi-nssi-H  -nurat 


!!! 


pi  Kail 
■lijlliM 

mmam\ 


iiiiSipliiUliniyl 

JM::(Sn:n!  sssRsaini;^ 
iiHHiUiii!!:  i::Ii|it!iuU  •! 

iiiliiiMiiuai  iniiinii 
tiatiaaaaxaaii  aauuiua  !!!: 

llil- 


■ ■■■ a 

■■■■■■■IIM 

s::sHB!r 
tnr 
:s: 


■■■•aaaaai 

■aaialnaa 

iiiiilui 


BHIIlllBi. 

mm 

i-i 


iii-i 


^USHUj 

ir:b:k 


litliijii 


Piiinia 

Uiiiaiaillifl 

rsss  k:::b| 

....  ■•■■■•■■ 

*{■•  ••■••■•I 


M 


HiaiHl 

a * » JUMM 


5 


1'i 


stability  and  control  plots 


In  the  plots  marked  with  an  asterisk,  the  aircraft  had  the  total  pres- 
sure sensing  feel  system  pick-up  located  on  the  leading  edge  of  the 
vertical  stabilizer  In  all  other  plots,  the  aircraft  had  the  total  pressure 
sensing  feel  system  pick-up  located  on  the  left  side  of  the  vertical 
stabilizer. 


Ind.  Normal  Stabilizer  Angle 

Airspeed  Acceleration  Stick  Force  Position  of  Attack 

knots  Mg*  lb  pull  deg.  nose  up  deg.  nose  up 


34 


Figure  No. 


i AiSje.-uJ?  a i lmi*  tiionjjn 

F-101A,  USAF  No.  53-2419 
Take-Off  Configuration 
TRIM  CONDITIONS 

Alt.  grip feet  Weight  40,370 

CG  pos.  30-2  °/oMAC  Stabilizer  pos. 


Time  - seconds 
APPENDIX  I 


/ 


ma.  Normal  Stabilizer  Angle 

Airepeed  Acceleration  Stick  Force  Position  of  Pitch!; 

knots  "g*  lb  pull  deg  nose  up  deg.  nose  up 


Figure  No.  35 
TAKE-OFF  TIME  HISTORY 

F-101Ao  USAF  No.  53-2419 

Take-Off  Configuration 

TRIM  CONDITIONS 

feet  Weight  k0.460 

lb 

°/oMAC  Stabilizer  poa.  0 

deg  nose  up 

—Nose  lear  Off 


Main  Gear  Off 


lime  - seconds 
APPENDIX  I 


E 


I 

'(  * 
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Figure  No.  36 
TAKE-OFF  TIME  HISTORY* 
F-1G1A,  USAF  No.  53-2419 
Take-Off  Configuration 
TRIM  CONDITIONS 

Alt.  2140  feet  Weight  40,4l0  lb 


SI 


Figure  Ho.  37 
LANDING  TIME  HISTORY* 

F«iOiA,  UsAr  No,  53-2419 
Landing  Configuration 

TRIM  CONDITIONS 

Alt. Sl8°  feet  Weight 3Q,l4o  lb 

CG  poa.  35. b °/oMAC  Stabilizer  poa.  3T6  dcgTmoac  up 


Figure  No,  38 

:ng  time  history* 

USAF  No.  53-2419 
■ing  Configuration 

M CONDITIONS 

Weight  31,455  lb 

Stabilizer  no*,  g.o  deg,  nose  up 


Stabilizer 

Position  Angle  of  Attack 


Figure  No.  46 


DYNAMIC  LONGITUDINAL  STABILITY 

F-101A,  USAF  No,  53-2419 
Cruise  Configuration 
TRIM  CONDITIONS 


Stabilizer 

Position  Angle  of  Attack 


-St  ’JT- 


Figure  No.  47 

DYNAMIC  LONGITUDINAL  STABILITY 

F-10IA,  USAF  No.  53-2419 
Combat  Configuration 
TRIM  CONDITIONS 


Time  - seconds 
APPENDIX  I 


Stabilizer 

Position  Angle  of  Attack  Normal 

Stick  Force  deg  deg  Acceleration 

lb  nose  nose  nose  nose  *g” 

push  pull  up  dn„  up  dn, 


Figure  No.  50 


DYNAMIC  LONGITUDINAL  STABILITY 

F-101A,  USAF  No.  53-2419 
Combat  Configuration 
TRIM  CONDITIONS 


CAS 311 Kta  CG  pos. 3g,g °/oMAC 

Alt.  lb. 270 ft  Weight  35.860 lb 

Avg.N,  9380  rpm  Stabilizer  1.1  peg.  Koac  Sown 

Mach  No.  .973 

Notes  Pilot  attempted  to  damp  the  induced 
oscillation  as  quickly  as  possible. 


95 


Stabilizer 

Position  Angle  of  Attack 


Acceleration 


’at  ion 


b n c 
00 

o *« 


CAS 


444 


Ait.  10.940 


Avg.N,  8670 


Mach  No,  .806 


Figure  No. 

DYNAMIC  LONGITUDINAL  STABILITY 


F-101A,  USAF  No.  53-2419 
Cruise  Configuration 
TRIM  CONDITIONS 


kts  CG  pos„ 

ft  Weight  31.870 


°/oMAC 


lb 


_rpm  Stabilizer  1,1  DBG.  NOSE  SOWN 


Note:  Pilot  attempted  to  damp  the  induced 
oscillation  as  quickly  as  possible. 


i l 


Stabilizer 

Position  Angle  ol  Attack  Normal 

Stick  Force  deg  deg  Acceleration 

lb  nose  nose  nose  nose  *g" 


Stabilizer 

Position  Angle  of  Attack 


Stabilizer 

Position  Angle  of  Attack 
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r-.  -n 
2 « 
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Figure  No.  60 

DYNAMIC  LONGITUDINAL  STABILITY 

F-IOIA,  USAF  No.  53-2419 
Power  Approach  Configuration 
TRIM  CONDITIONS 

CAS  193*5  kta  CG  pos.  3a.l °/oMAC 

Alt.  12,850 ft  Weight  32,120 lb 


Avg.N,  91*4-0 

3 

2 


o-f 


rpm  Stabilizer  1.5  I>eg.  Nose  Down 
Controls  Free 


10  -» 


105 


Stabilizer 

Position  Angle  of  Attack  Normal 

Stick  Force  deg  deg  Acceleration 


Figure  No.  62 


DYNAMIC  LONGITUDINAL  STABILITY 

F-101A,  USAF  No.  53-2419 
Power  Approach  Configuration 
TRIM  CONDITIONS 

CAS  19 3« 5 kts  CG  pos. qg.i °/oMAC 

Alt.  13,850 ft  Weight 38,150 lb 

Avg.  N,  9140 rpm  Stabilizer  1.5  peg.  Noae  Dpyn 


e 

00 

B 


3-4  Note:  Pilot  attempted  to  damp  the  induced 

I oscillation  as  quickly  as  possible. 
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Figure  No.  o3 

C LONGITUDINAL  STABILITY* 


F-101A,  USAF  No.  53-2419 
Power  Approach  Configuration 
TRIM  CONDITIONS 

kts  CG  pQB.  32»2  °, 

ft  Weight H.&ro 1 

rpm  Stabilizer  0«9  Peg.  Hoie  Down. 
Controls  Free 


Stabilizer 

Position  Angle  of  Attack 


no 


Er-a 


Normal  stick  Force 
Acceleration  Rate  of  Pitch 

*ge  push  pull  NDdeg/secNU 
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Figure  No.  77 

TIME  HISTORY  OF  SPEEirHRAKE  OPENING 
F-101A,  USAF  No.  53-2419 
Configuration  CRUISE 


TRIM  CONDITIONS 
CAS  CO^j. 


Altitude  33 
Avg.N2  RPM 


36.790 


o 

£ * 
& 
m 
O 


Mach  ho. 


-989- 


Stab.  Pos.  1,0 


°/oMAC 

Ilb 

deg.A.N.D. 
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Noriral  stick  Force 
Acceleration  , , Rate  of  Pitch 

*gR  push  pull  NDdeg/secNU 


Figure  No.  78 

TIME  HISTORY  OF  SPEED  BRAKE  CtOSISG 
F-101A,  USAF  No.  53-2419 
Configuration  CRUISE 


TRIM  CONDITIONS 

CAS  og-i  knots  CG  72.1  /oMAC 


Figure  No.  79 

TIME  HISTORY  OF  SPEED  SHAKE  OPENING 
F-101A,  USAF  No.  S3-24I? 

Configuration  CRUISE 
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Figure  No,  81 
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Figure  No  82 

DYNAMIC  LATERAL  STABILITY 
F-101A.  USAF  No.  53-2419 
Cr_ui_se  Configuration 
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Rate  of  Roll  Aileron  Force  Rate  of  Y. 

deg/sec  rt.  It.  lb.  rt.  it.  deg/ sec 


Figure  No.  83 

DYNAMIC  LATERAL.  STABILITY 
F - 101  A,  USAF  No,  53-2419 
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Figure  No.,  85 

DYNAMIC  LATERAL  STABILITY 
F-101A,  USAF  No.  53-2419 
Cruise  Configuration 
TRIM  CONDITIONS 
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Figure  No..  86 

DYNAMIC  LATERAL  STABILITY 
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Rate  of  Roll  Aileron  Force  Hate  of  Y 

deg/sec  rt.  It.  lb.  rt.  it.  deg/aec 


Figure  No.  87 

DYNAMIC  LATERAL  STXElLITY 
F-101A.  USA?  No.  53-2419 
Cruifie  Comiauration 
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Figure  No.  88 

DYNAMIC  LATERAL  STABILITY 

F-10IA,  USAF  No.  53-2419 
Cruise  Configuration 
TRIM  CONDITIONS 
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Figure  No.  89 

DYNAMIC  LATERAL  STABILITY 
F-101A,  USAF  No.  53-2419 
Cruise  ConfigureUion 
TRIM  CONDITIONS 
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Figure  No.  90 

DYNAMIC  LATERAL  STABILITY 
F-101A,  USAF  No.  53-2419 
Cruise  Configuration 
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Figure  No. 92 

DYNAMIC  LATERAL  STABILITY 
F-101A,  USAF  No.  53»2419 
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Figure  No.  93 

DYNAMIC  LATERAL  STXBIUTY 
F-101A,  USAF  No.  53-2419 
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Figure  No„94 

DYNAMIC  LATERAL  STABILITY 
F-10IA,  USAF  No.  53-2419 
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Rate  of  Roll  Aileron  Force  Rate  of  Y 

deg/sec  rt.  It.  lb.  rt.  It.  deg/sec 


Figure  No,  96 

DYNAMIC  LATERAL  STABILITY 
F-101A,  USAF  No.  53-2419 
Combat  Configuration 
TRIM  CONDITIONS 
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Figure  No.  97 


DYNAMIC  LATERAL  STABILITY 
F-I01A,  USAF  No.  53-2419 
Combat  Configuration 
TRIM  CONDITIONS 
CAS  511  knots  CC.  32.6 
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Figure  No„  98 

DYNAMIC  LATERAL  STABILITY 
F-101A.  USAF  No.  53-2419 
Combat  Configuration 
TRIM  CONDITIONS 
CAS  tpp  knots  CG  35  6 
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Figure  No,  99 

DYNAMIC  LATERAL  STABILITY 
F-iOiA,  IJSAF  No.  53-2419 
Power  Approach  Configuration 
TRIM  CONDITIONS 

CAS  iQj  knots  CG  32.4  /oMAC 

Altitudel2,660  feet  Weight  31,750  "lb 
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Figure  No,  100 

DYNAMIC  LATERAL  STABILITY 

F-101A,  USAF  No.  53-2419 
Power  Approach  Configuration 
TRIM  CONDITIONS 

CAS  knots  CG  3g,l, /oMAC 
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Figure  No,  101 

DYNAMIC  LATERAL  STABILITY 
F-.I01A,  USAF  No.  53-2419 
Power  Approach  Configuration 
TRIM  CONDITION?! 
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Figure  No.  102 
DYNAMIC  LATERAL  STABILITY 
F-101A,  USAF  No,  53-2419 
Power  Approach  Configuration 
TRIM  CONDITIONS 

CAS  193 knots  CG 
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DYNAMIC  DIRECTIONAL  STABILITY 
F-101A,  USAF  No.  53-2419 
Cruise  Configuration 
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Figure  No,  10? 

DYNAMIC  DIRECTIONAL  STABILITY 
F-101A,  USAF  No.  53-2419 
Combat  Configuration 
TRIM  CONDITIONS 

CAS  511  _ knots  CG  J2.6  %MAC 
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Figure  No,  108 


DYNAMIC  DIRECTIONAL  STABILITY 

F-101A,  USAF  No.  53-2419 
Combat  Configuration 
TRIM  CONDITIONS 
CAS  511  knots  CG  __  32,6 
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Figure  No,  110 

DYNAMIC  DIRECTIONAL  STABILITY 

F-1Q1A.  USAF  No.  53-2419 
Combat  Configuration 
TRIM  CONDITIONS 
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Figure  No,  ill 
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DYNAMIC  DIF.  ECTIONAL  STABILITY 
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Figure  No. 148 
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uimenslcsns  and  general  data 


Design  information  and  general  dimensions  of  the  airplane  as  listed  in  the 
McDonnell  Aircraft  Coipn.-.ulou  tit-tail  specifications  for  the  F-101A  airplane  are 
summarized  as  follows: 

GENERAL  DIMENSIONS 

Span  19  ft  8.3  in 

Length  (overall)  67  ft  5.3  in 

Height  (overall)  IS  tt 

WING 

Airfoil  Section 

zVt  root  ( theoretical ) 

(centerline  of  aircraft) NACA  65A007 

At  construction  tip 

(theoretical  extended  section  at  tip) NA(1A  (iiAOOO 

total  Area 

Theoretical  307.99  sq  It 

Actual  408.63  sq  ft 

Span,  nmviiimm 39,69  ft 

Incidence 

At  root  | 1 deg 

At  construct  ion  tip |-l  deg 

Dihedral  (I  deg 

Sweephat  k at  1,1.2' 7 chord IS  deg 

Aspect  ratio  1.J8 

Mean  aerodynamic  chord  122.yl8in 

Aileron 

Span  86.0  in 

Area  aft  of  hinge  line  (one  side)  (theoretical ) 14,74  sq  ft 

Dellection 

up  25  deg 

down  25  dew 

Chord  (C<  w ing  chord ) 28,5';; 

High  l ift  Device 

Type  (trailing  edge)  ZAP  flap 

Span,  exclusive  of  cutouts 

(percent  total  wing  span)  79,97c; 

Area  (one  side)  2l.00sqft 

Deflection 

up  0.0  deg 

down  50  dtg 

SPEED  BRAKE 

Projected  area  (deflected  90  deg)  one  side 8.5-1  so  ft 

Maximum  deflection  50  deg 

TAIL  GROUP 

Horizontal  Tail  Surfaces 

Span  15.5  ft 

Total  area 

Theoretical  . 75.08  sq  ft 

Actual  74.47  sq  ft 


Incidence  (in  neutral  pus.) 0 deg 

Sweepback  (29  \rl  chord  • 35  deg 

Aspect  ratio  30 

Dihedral  10  deg 

Horizontal  stabilize:  movt .mem 
(with  respect  to\V,I..l 

h.l'..  Up  . O'  .leg 

S..M.  down  2(i  deg 

Vertical  Tail  Surfaces 

Span  7.S  ft 

Area  (theoretical)  (above  W. I..  92.011) 8i.!i8:;tjlt 

Sweepback  (59.1 of  chord)  35 deg 

Aspect  ratio  0.(163 

BODY  GROUP 

Fuselage 

Length  KO  i.l  1 in. 

Width  (max.)  92.011  in. 

I leight  ( max. ) N 4,24  in. 

LANDING  GEAR 

Main  landing  gear 

casing  size  32  x H.H 

tread  t9  ft  10.7  in. 

oleo  stroke 12  in. 

Nose  Clear 

casing  size  IK  x 5.5 

strut  stroke  9 in. 


FUEL  CAPACITY  (Intermit) 

No.  1 tank,  fuselage  mm  self  sealing  79a  gal 

No,  2 tank,  fuselage  sell-sealing  (39  gal 

( 13  when  Il'R) 

No.  3 tank,  fuselage  non-self-sealing  245  g.il 

No.  4 tank,  fuselage  mm-self-sealing  349  gal 

No.  5 tank,  fuselage  nnn-self-sealing  319  gal 

Total  internal  21  in  gal 


■ operational  limitations 

GROSS  WEIGHT 

Maximum  Design  Gross  Weight 37,000  !h 

LIMIT  FLIGHT  LOAD  FACTORS  (Maneuver) 

Design  Gross  Weight  37,000  lb 

positive  -*-7.33 

negative  3.0 

Maximum  Alternate  Gross  Weigh: 46,000  lb 

positive  - 1 c.r , 

negative  — 2.1 

Minimum  Firing  Weight  27,500  ib 

positive  ! 7.33 

negative  —3.0 


Limit  Gust  Load  Factors 

Design  Gross  Weight  .37,000  lh 

positive  4-3.06 

negative  4.06 

Maximum  Alternate  Gross  Weight 46,000  lh 

positive  ;-2.66 

negative  . 0.66 

Minimum  Flying  Weight  27,300  lh 

positive  I 3.77 

negative  1,77 

LIMIT  GROUND  LOAD  FACTORS 

Taxi  Load  Factor  at  Maximum 

Alternate  Gross  Weight  (46,000  lh) 2.0 

LIMIT  DIVING  SPEED 

Design  Gross  Weight 

At  3,300  (>  altitude 760  knots  FAS 

At  33,000  It  altitude '02  knots  FAS 

At  30,000  ft  altitude  260  knots  FAS 


Limit  diving  speed  for  the  maximum  alternate  gross  weight  shall  he 
at  least  the  speed  corresponding  to  maximum  level  flight  speed  at  that 
weight  tonl  the  speed  shall  he  us  much  higher  than  the  maximum  level 
flight  speed  as  possible  without  major  ntodilicution  to  the  airplane 
structure  when  designed  for  the  design  gross  weight. 

LIMIT  STALLING  SPEED  (31,000  lb) 

Without  nailing  edge  flaps,  front  sea  level  to 

12,000  feet  

With  trailing  edge  flaps  uml  gear  down,  from 
sea  level  to  12,000  feet 

LIMIT  OPERATING  SPEEDS  - 12,000 

Trailing  edge  flap 

extension  to  30  deg 230  knots  FAS 

retraction  from  30  deg 230  knots  FAS* 

* A pressure  operated  switch  insures  flap  retraction  at  this  speed. 

Canopy  Opening  and  Closing 00  knots  FAS  ultimate 

Alighting  gear  extension  and  retraction 230  knots  I AS 

Refueling  probe  extension  and  retraction 300  knots  FAS 

The  following  limitations  based  on  flight  operating  boundaries  which  had 
been  investigated  during  Phase  I were  placed  on  the  F-101A  airplane  by  the 
contractor.  These  arc: 

SPEED 

1.53  M i.  t.  number  or  650  knots  FAS,  whichever  is  lower 

NORMAL  LOAD  FACTOR 

Symmetrical  Flight  Maneuvers 
Lspina.  Jifisi?  


15,3  knots  FAS 
44  knots  FAS 


+4  to  1.5  Mach  no. 
-fl  to  1.55  Mach  no. 
-i  0.5 


The  lower  limit  lot  normal  acceleration  was  0.5  e because  of  trouble  experi- 
enced with  the  constant  speed  transmissions  which  drise  the  AC  generators.  These 
have  been  found  to  be  very  sensitive  to  oil  supply  interruption. 

ROLLING  MANEUVERS 

Aileron  Rolls 

Angle  o!  hark  45° 

Aileron  deflection 10°  up  to  500  kts  IAS 


Aileron  deflection 10°  up  to  500  kts  IAS 

5"  over  500  kts  IAS 

The  limitation  on  roll  angle  was  necessatj  because  of  the  inertia  coupling 
problem  on  modern  fighters  which  the  contractor  had  not  yet  hcen  aide  to  investi- 
gate. The  limitation  on  aileron  angle  at  high  speeds  is  necessary  until  completion 
of  static  vests. 

AFTERBURNER  OPERATION 

Supersonic  Speeds 10  min 

Subsonic  Speeds 15  mm  (max.  allowed 


Supersonic  Speeds 10  mill 

Subsonic  Speeds 15  min  (max.  allowed 

by  engine  mamductmei  ) 

CABIN  PRESSURIZATION 

Differential  pressure 2.75  psi,  at  all  times 

FUEL  VENT  SYSTEM 

Do  nut  exceed  2 psi  fuel  tank  pressure 

■ power  plant 

Number:  two 

Type:  turbo-jet 

Manufacturer:  I'ratl  and  Whitney  Company 

Model;  I ISA  I',  model  XJ5MM.4 

Kitting:  The  following  table  shows  the  thrust  rating  of  the  uninstalled 
engine  under  si rtulard  s %i  level  static  condition.,; 

Maximum  (afterburner  operating) ti,000  1b 

Military  (afterburner  not  operating)  0,220  1b 

Nor:!'.:*.!  (afterburner  not  operating) 8,800  lb 


■ weight  and  balance 

The  following  weight  and  balance  wa;  obtained  by  weighing  the  aircraft  in  a 
closed  hangar  with  full  fuel  and  oil  and  gear  down.  The  location  will  move 
forward  approximately  0.2%  with  gear  up. 


Basic  airplane* 

Fuel  cl  6.54  ib/gal 
Tun*  i<«. 


ARM  - ivi. 
199.4 


5,000 

379.0 

2,685 

445.6 

1,455 

509.6 

1,960 

572.0 

1,970 

645.6 

Basis  w».  c;  weighed: 


40,400 


Mom/tOM 
1 3,447.59 


1,895.00 

1,196.44 

741.76 

1,121.12 

1,271.83 

19,873,74 


p Sasic  airplane  i**d**r!*»*  te»t  instrumentation  and  9 gois  ct  oii  (e/.5  !»} 
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The  weight  and  balance  for  die  complete  flight  test  program  are 


a«.  follow*,: 


fit,  ff.t. 

N 

1 

2 

3 

4 

5 

c 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
94 
32 


Butic  w».  1 

ife  1 

Cf*W  i 

lb  | 

Luyiti*’  vUi.  i | 

Cr.  Wi-  lb  ! 

Approx.  CC 

% MAC 

27,330 

200 

40,900 

30,/ 3 

27,330 

200 

39,160 

30.62 

27,330 

200 

40,440 

31.48 

27,530 

500 

40,090 

30.34 

27,330 

200 

40,305 

2V.83 

27,330 

200 

40,085 

30.75 

27,330 

200 

40,270 

31.07 

27,330 

200 

40, /Si 

31 .00 

27,330 

200 

40,120 

30.82 

27,330 

200 

40,605 

30.83 

27,330 

200 

40,755 

31.15 

27,330 

200 

40,7/0 

31.23 

27,330 

200 

40,77S 

30.99 

27,130 

200 

40  565 

31.97 

27,330 

200 

31,020 

35.63 

27,330 

200 

40,690 

31.07 

27,330 

200 

40,460 

31.44 

27,330 

200 

40,645 

31.15 

27,330 

200 

40,840 

31.15 

27,320 

2C0 

40,655 

31.07 

97,330 

200 

40,710 

31.00 

27,330 

•>00 

40,680 

30.58 

Th»  ball,  w»l«M  Intludm  till  Inilrum.ntallan  «"d  V uttll'M.'  uf  ail. 
Ih.  approximate  «o  U with  lattdlno  «•“'  down. 
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• Instrumentation 


Instrumentation  for  performance  and  stability  flight  testing  were  installed  hv  the 
contractor  :»s  per  APT' TC  specification  with  approved  modifications  or  deletions. 
All  instrument:,  were  calibrated  by  the  A I*' PTC  Instrumentation  branch.  The  fob 
lowing  test  instrumentation  was  used  for  the  Phase  li  flight  tests. 

Pilot's  Cockpit  Instrumentation 

1«  Correlation  counter 

2.  Photo-panel  und  oscillograph  ccr.t.oi 

3.  Altimeter  (nose  boom) 

4.  Airspeed  (nose  boom! 

5.  Machmeter  (nose  boom) 

6*  Tachorneter-high  pressure  compressor  (L/H  engine) 

7.  Tachometer-high  pressure  compressor  (R/H  engine) 

8.  Turbine  out  pressure  (dual  Indicator),  ?,v 

9.  Free  air  temperature 

10.  Fuel  quantity  gage  (total) 

11.  Angle  of  sideslip 

12.  Acceiesuiiieter  (direct  reading) 

13.  Exhaust  gas  temperature  (L/H  and  R/H  engine) 
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Photo-panel  (35  m.«  photo  recorder) 

11 ' ^orr«»lo‘ion  counter  (photo  recordc-i) 

2.  Altimeter  (nose  boom) 

3.  pefil  (nose  boom) 

4.  Altimeter  (ship's  system) 

2.  Airspeed  (ship's  system) 

6.  Machinate-  (nose  boom) 

7.  Free  air  temperature  gage 

3,  riiOtsVt.fcscr.-cr  temperature  page 
V.  8-duy  clock 

10.  I O-second  stopwatch 

1 1 . Itl'M-low  pressure  rotor,  L/H 

1 2.  RPM-low  pressure  rotor,  R/H 

13.  RRM-high  pressure  rotor,  L/H 

14.  RPMhiyh  pressure  rotor,  R/H 

15.  Compressor  inlet  pressure,  L/M  (Hi,l 

16.  Turbine  out  tolol  pressure,  L/H  (Pi,) 

17.  Turbine  out  total  pressure,  R/H  (Pi,! 

18.  Turbine  out  temperature,  L/H  (ti ,! 

IV.  Turbine  out  temperature,  R/H  (I,,! 

20.  Stabllator  position 

21.  Rudder  position 

22.  Lell  uileion  position 

23.  Right  aileron  position 

24.  Fuel  quantity  gage  (tunk  no.  1 1 

25.  Fuel  quantity  gage  liank  no.  cl 

26.  Fuel  quantity  gage  (tank  no.  3) 

27.  Fuel  quantity  gage  (tank  no.  4) 

23.  Fuel  quantity  gage  (tank  no.  5) 

29.  Engine  fuel  inlet  pressure,  L/H 

30.  fcngine  fuel  inlet  pressure,  R/H 

31.  Afterburner  fuel  pressure,  L/ll  (manifold) 

32.  Afterburner  fuel  pressure,  R/H  (inuiufold) 

33.  Accelerometer  (direct  readinq) 

34.  Speed  brake  position  (dual  indicator! 

35.  L/l  I Oscillograph  cour>*“r  number 

36.  R/H  Oscillograph  counter  number 

Light  Indications 

37.  Main  landing  gear  lift-off  signal  light 
3R . Nose  aear  lift-off  signal  light 

39.  Speed  brake  extension  signal  light 

40.  Inter-compressor  bleed  door,  L/H,  signal  light 

41.  Inter-compressor  bleed  door,  R/H,  signal  light 

42.  R/H  Oscillograph  correlation  light 

43.  L/H  Oscillograph  correlation  light 

44.  Brown  recorder  correlation  light 


l/H  Oscillograph  (10  channel) 

1 . r,fie  stream  dynamic  pressure  (nose  boom),  airspeed 

2.  Static  pressure  (nose  boom),  ultitude 

3.  longitudinal  stick  force 

4.  Slubiloror  position 

5.  Rudder  pedoi  force,  R/l I 

6.  Rudder  pedoi  force,  L/lt 

7.  Rudder  position  (loweri 

8.  lateral  slid'  force  (aileron) 

9.  left  aileron  r'osilion 

10.  Ripbt  riilnrnn  position  (out  boor  si) 

1 1 . Normal  acceleration  ("t  cct) 

12.  Angle  of  attack 

13.  Angle  of  sidedip 

14.  Role  of  roll 

15.  Rale  of  yaw 

16.  Rntnofpilc.lt 

17.  Angle  >•!  pile ft 

18.  Angleotrr.il 

19.  Osclllagrapb  counter  no. 

R/H  Oscillograph  (18  channel) 

1.  Engine  fuel  flow,  L/H 

2.  Engine  fuel  flow,  R/H 

3.  Afterburner  fuel  flow,  t/H 

4.  Afterburner  fuel  flow,  R/H 

5.  Free  air  temperature,  McPonncI  probe 

6.  Compressor  inlet  temperature,  L/H 
(McDonnsI  outer  temperature  probe) 

7.  Afterburner  noule  position,  L/H 

8.  Afterburner  noiilc  position,  R/H 
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mm 


distribution 


No.  of  Copies 


Hq,  USAF,  Washington  25,  DC 

Atiit:  Dir.  of  Requirements,  DCS/D 

Aiin:  Asst  for  Atomic  Energy,  DCS/O 

Attn:  Asst  for  Programming,  AFODP 

Attic  Dli.  of  Operation,  DCS/O  iAFOiTtP) 

Attn:  AFDBD-AN,  OCS/Oevolapn*ent 

Attn:  Dir.  of  Inspection  Services,  the  Inspector  Gen. 

oommandor,  mMC,  Wright  Patiersent  AFB,  Ohio 

Attn:  MXMZ,  Programs  Monitoring  Office  Supply, 

M ami  S Directorate  . . 

Attn:  MCPBXA  

Ah'n:  MCPH  

Attn:  MCPPXI  

Attn:  MCP5-1  

Attn.  MCPER  


Commander,  WADC,  Wrlghl.patteriori  AFB,  Ohio 
Aft  in  WCOSI-3 

Attn:  WCISO  

Attn:  WCIPO  

Attn.  WCUO 

Attrn  WCSF 

Attn-  WCSD-4  


Commander,  ARDC,  P.C.  Box  1395,  Baltimore  3.  Md 

Attn;  RDTOIL  

Attn:  RDTOIS  

Attn:  RDTDP  

Attn.  ROTOTP 

Attn;  RDTOO  


Director,  Air  University,  Maxwell,  AFB,  Ala. 
Attn:  AVI-63B9  


Commandant,  USAF  Inslitute  of  Technology,  W-P  AFB,  Oh>u 

Armed  Services  Technical  Info.  Agency,  Document  Services 
Confer,  Knott  Bldg,.,  4th  and  Main  St.,  Dayton  2,  Ohio 

Office  of  the  Inspector  General,  USAF,  Attn:  AFCD1-P-2 

Norton  AFB,  Ceillf 


Commander,  Air  Technical  Intelligence  Center, 
Wright-Patferson  AFB,  Ohio 
Attn:  AFOIN-ATISD-1B  


Chief,  Bureau  of  Aeronuutics,  Dc.pt.  nf  the  Navy,  Washington 
25,  DC 

Attn:  TD414  


Commander,  U.S.  Naval  Test  Center,  Patuxent  River,  Md.. 
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Commander,  Air  Fnrc*  SpArlul  W,^u..»  Cert*,.  ki,il.„.j 
Afb,  Now  AK'xIt'j 
Attn;  Tethnicnl  Services 

Commander,  Air  rcaviii*  urautul  Commund  tulin  At#  Hindu 
Attn;  Adjutant  Technical  ffeputt,  Hi. 

Ue*,i O Akin  til  a t.  4 . , , 

-Tj‘«  ^ ~"v*  ' * twjwfct  Antiw,  Vlad.  -IWAWM  UMilC 

1*00  Main  St  ..  Suiuu  MhiIUh  t'ulif 

Coininundei,  Scatt  AFh,  ill 

At. in  At  OKU 

CuniMMindei,  AtMC,  tUwu.J.  A»H.  tati 
a » * m t ttm 

tn 

fTOT 

“TfA 

Aio|<ut  Ail.  It  Mtt|«>i  A A Julia, 

MfOC 

CMaf,  Q|i*i  hIIuiimI  i«»ii.Hfit  tuiafe 

iGARIK,  AJ*U  *J.t  Haw  T«»lt  h > 

Cttimnwndot,  fk«t,  Aim.  UU  On  H<«. Art!  bit 

Ian  fiin.lMW,  Calll 

MtO'.iinall  Almati  Cat  (••,«liu*«  *•»*♦  l)»l,.r  i..  1 1 * 

St.  t aalt  4,  Mr 

Allnt  V VJa.  inttti  th.ti  TmIh  tmi  in* 
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